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ABSTRACT

if the Amaranthus hybrnlus complex basec

i new combinations are proposed- A. hvbri

The genus AmanuuhmL consists of about 70 species, i)f which about 40 are

native to the Americas and tin n 4 to Viisti.dia Alnca \sia and Europe. The

most frequently used infragen iccla ifi ition involvi ' ubgenera and was

suggested by Saucr (mV-Acnida (L) Aellen ex K.R. Robertson which com

prises dioecious species and Amaranthus that includes monoecious species.

Traditionally subgenus Amaranthus is divided in two seer ions, Amaranthus and

Blitopsis Dumort. Recently, Mosvakian and Robertson UWo) proposed elevat-

ing the two sections of subgenus Amaranthus to subgeneric rank, subgenus

Amaranthus and subgen us A I bersia (Kunth) Gren & Godr. (= section Blitopsis).

Yet, they did not provide new characters to justify their revised treatment and

the question oi the mo ppiupuii lib- n«n <\ ilu u ion apparently has



In spile ol the fact that it has been the object ol many studies, the genus

Amaranthus is still poorly understood, being widely considered a "difficult"

genus. Currently, the taxonomic problemsarr far from being clarified especially

because ol the widespread nomenclat ural disorder caused chiefly by repeated

misapplication of names. Most of the problems are concentrated in the most

studied group of spec ics the \ h\ hi idirsaggn gate Salter's monograph of grain

Amaranths (1950, 1967) has solved most ol" the nomenclature problems and

provided an extensive t axonomic treatment for the species involved. Yet nomen-
clature and taxononuc con I usi on among these closely related taxa has persisted

in the literature and. herbarium collect ions, especially in hurope. Because of

such "serious nomenclature discrepancies" Jalas and Suominen (1980) were

forced to present a collective map for the occurrence of "A. hybridus, A.

paniculatus, A.patulus and A.powclliT in Europe. This quotation is a good ex-

ample of the present confused situation. One wonders what the authors under-

stood by "A. patul us" since it is known that this name is a synonym of A. hybridus

or is sometimes comprehended as A. emeritus (Aellen 1964). The actual taxo-

nomic concepts m t his group ol species -assuming t hat t he nomenclature prob-

lems are solved —ranges between two different extremes. At one extreme is

Sauer's treatment 11950, 1967) that recognizes as species the cultivated taxa

i Amaranth us caudal us, Ac memu s:\wdi A. hypot Inuidi an us) and at the other is

Greuters(L981, 1984) who lumps the cultivated species with their putative wild

progenitors (A. quitensis, A. hybridus and A.powcllii respectively). All possible

intermediate combinations between these two opposed I reatements main oi

them published since the beginning ol the century by Thellung (1907, 1914,

1919) -were also used (Aellen L959, 1964, 1972; Dostal 1950; Morariu 1952; Brenan

1961, 1981;Gusev 1972; Hhrendorler 1973; Townsend 1974, 1985, f 988; Carretero

1979, 1985, 1990; Stace 1991, 1997; bambinon 1992; Cherepanov 1995; etc.).

The evolutionary origins o( gram amaranths are still unclear. Sauer (1967,

1976, 1993) suggested two possible hypotheses. The monophyletic hypothesis

states that the three cultivated species oi iginaicd from a single wild progeni-

tor-A. hybridus, followed by subsequent mtrogrcssive hybridization with two
other wild species in different regions. According to this hypothesis, the first

domesticated species was A. crucntus, derived from A. hybridus in Central

Anus ica. lollowed b\ t he domest ication oi A. hypoiondi nu us In repealed cioss

ing ol: A. crucntus with A. powcllii in Mexico and ol -\
< audatus by crossing

with A. quitensis Ih. p. »1 v
1

4i \ A h h\poilu i ug*s i that each of the three-

grain species was doi nasi icatedse[ >arat el y from a dil lereiii wild species. In eon

cordance with this hypothesis. A. hypochondmu us wasdomesticated in Mexico
from A. powcllii, A. crucntus from A. hybridus in Central America and A.

caudatus from A. epiiiensis in South America. Detailed studies of the relation-

ship amongamarani h species usingcvtological or molecular methods are con-



tradictory, supporting separately both hypotheses (Pal & Khoshoo 1972, 1973;

Hauptli&JamlW < ,n i~oi im^ I'o^inl 1
' 1 i,ieizersteinetal.l997;Transue

etal. 1994; Lanoue etc 1 l')<)h (Mian *r Sun W, ) The taxonomic achievement

of all these studies \ i that they proved th< individuality ol the taxa involved,

against the lumping tendencies.

Other remaining taxonomic questions concern the status of A. bouchonii

Thell.andA.quih nsi Kunth T l

i In tta oni rej rded i < i pecifii with \

powellii S. Watson by Sauer (1967), Carretero (1990), Akerroyd (1993), but is

maintained at the species level by Hugin (1987;, Stace (1991, 1997), Kerguelen

(1993), Wilkin (1992). The second taxon, Amara nt h us qui te mis, was synonymised

with A. hybndus by Coons (1975, 1978) but kept separate by almost all other

This study is only the beginning of a revision ol t his dif'l icult complex. Set

aside for the moment an rh. follov mg topi< the relationship between the

closely related taxa, A. dubius Mart, and A. spinosus L. and their affinity with A.

hybridus- the appropiate position of some other taxa. (A. brandegei Standley, A.

bigelovii Uline & Bray, A. viscidulus Greene, A. scariosus Benth, A. lepturus

S. F. Blake, A. celosioides H.B.K. and A. pallidi/Iorus F. Muell) and the role of hy-

bridi ati >n nd it < on qu net > within tin \ In bridi iggn ' Ut nd n >n

the dioecious amaranths.

Amaranthus caudatus, together with A. hypochondriacus and A. cruentus,

have created a great inter* t during tec nt yeai a agricultural crop in man

regions of the world, due to the exceptionally high nutritional value of their

seeds and leaves. Hundreds ol irti I do< um ni the nutritional value, the

agronomical potential, genetic resources and breeding oi amaranths. For a good

review on the nutritional value and production methods see Kauffman and

Wagoner (1984), Kauffman and Weber (1988), Kauffman (1992). For a compre-

hensive review on genetic resources and breeding sec Brennan et al. (2000).

MATERIAL ANDMETHODS

To assess anatomical variation the taxa were sampled between 1991 and 1996.

Seeds collected from the wild flora or received from various Botanical Gardens

were cultivated in the Botanical Garden of the University of Agronomy

Bucharest, Romania. Generally 4 to 6 populations or accessions were used for

each taxon involved in the study. Seedlings, young shoots, stems of different

ages, mature leaves, fruits and vd u L i< liquid piesu \> d in a 50-70% mixture

of formalin, acetic acid and alcohol (FAA) and embedded in Paraplast or paraf-

fin. For the stud) di i Ik vasculai sa item oi th .tern plants were chosen that

lacked sylleptic branching to void. \ minat ion of branch trace bundles. Typi-

cally stems from 25 plants, for each population were serially sectioned at fO

mm, stained with safranm and fast green, and studied with transmission and



polarized light. Furthermore. 100 seedlings lor eaeii population were grow n in

order to assess the cotyledon shape and the stem anatomy in juvenile stage.

Regarding the pericarp structure, fruits ranging from very young to ma-
ture were examined, but characters refer only to the latter ones. Fruits were

embedded in white paraffin and transverse and longitudinal sections of 5-7

urn thickness were stained wath Toluidine Blue.

The SEMstudy of fruits, seeds and pol len was carried on with a Hitachi S-

4100 SEMat 15KV,usingal?io-RadSputter-CoatterSc:oOO.I :

ii'ry fruits and seeds

were collected from each of the 50 individuals per population examined. The
same number of pollen grains per taxon was used in order to assess the mor-
phology of the pollen grains.

Morphology (without SEM) was studied using plants collected in the field

in different parts of Europe and United States. Loans or other collections were

examined from the following herbaria: ARIZ. 13. 151 1. BE BBI, BRIT, BUAG, BUG,
BUCA, BUCEBIJCM, CAS, CL.ChA,CM,CEA, DAY', US. UUKF, FEAS, 1, IA, IAGb!
IAS1, IBE, ISC, LA, EIL, MICH, MIL, M1N, MO, MSCNA. OKI., PRH, RB, RSA,
SMUSOM, TEX, UCR, UMO, US, UTEP, VAL, VALA, VAB, VDB, VF, WIS, Her-

barium University oi Agronomical Sciences Timisoara, Romania; Herbarium
Faculty of Silviculture Brasov Romania: I lerbanum Natural Sciences Museum
Ploiesti, Romania (not listed in Index I Icrbariorum).

hiking mtoaccount the confusion that prevails in main' herbaria, we con-

sidered it useful to cite the typical accessions of gram amaranth species culti-

vated at Ames, Iowa during 1084-1080. deposited now at NA (Appendix 1). Al-

most all these plants bear Lehmanns name and are part of the U.S. National

Plant Germplast System. Weoften cited Saner s specimens which were culti-

vated at Berkley, Davis, Madison, St. Louis or Wmsconsin. In addition, we cited

Grant's specimens which were cultivated at Mac Donald College of Mc Gill

University. In specimens citation we abbreviated: s.l. = same location and s.f. =

seeds from (lor the cultivated specimens).

Seed samples lor most amaranth species are available to future researchers

from a large and diverse germplasm collection of the U.S. National Plant

Germplasm System http://www.ars-grm.gov. Also, for European material we
recommend Gatersleben (Germany) germplasm collection.

( hiii act cis

Many specieso! l he genusare great Iv al lected In environmental lactors(nutri-

tional elements, wate i availability, light conditions injurious lactors etcUev

hibiting a great morphological variability with little taxonomic significance.

An enormous number of such inconsistent states (mostly based on extremely
variable characters like: plant height, branching, color of the whole plant or

only of stems or petioles, abnormalities m the shape of inflorescence etc.) have
received in the past various taxonomic ranks, increasing artificially the com-



Ourunde nstandmgoi var

were taken ir i the preparatioi

lee ted vv^hen well-developed f r

chances of" co rrect idcntif icati

tion anc la ran ge of flowers, fri

be colic cteda nd examined.

lexity of the genus, for example, in Amaranthus ret roflcxus more than 00 va-

leties, forms and subforms (Thellung 1914; Priszter 1953; Morariu 1952) have

een described. In tin p i . m tu 1} h id die recogi is d I lot I h un t< i

cs, emphasis is placed on l< well known eh r;i tei but ones which appeal

3 be more stable.

on in AmaTunrfms would improve if more carc

" specimens. Plants should preferably be col-

5 and seeds are present. In addition, to improve

a range of individuals from the same popula-

and seeds belonging to the same plant should

leaf and Stem -The phyl lot n.vi.sm nd the con i scsofvasculat bundles were previ-

ously studied only foi \.cdudoAus{Grd\>\sl. Consta m co N07), A.grucncam.s

and A h\hndu\ t\\ d -on loMj \\. Munlid ih. ,. m udi< - to the other com-

monspeciesol the A In /a me < map md i.>uMif nam pu liomdn ubgt

nusAIbersiaCCostea&rD. M - on »001) The p!iy//otcjxns varies within the same

plant: the basal leaves (from the in si -1 node nan m mnesd .inoulnvnu il

divergence. However, the phyl lotaxis of the leaves I rom nodes a 2 U 2. \) may be

regarded as constant lor each species. Phyl lotaxis varies within the genus, be-

ing predominantl) 2 5foi the ,p \ ie ol • nhg, mi Ammmibm> md 1 doi tlu

species of the subgen u Mbci m low arc! tin ip< ol" tin tern i m \ h >

l >m

the species of the subgenus Amaru nth us and 2/5 in the speciesof the subgenus

Albersia. The va.se (dm sv.sk na in Amtiranl/ius is closed. The leaf traces consist

ofone large median bund 1 lj vo lateral Ub dl< mcl, depending on the

level in the stem, 2 intermediary (i) and 2-6 (1-3 orders) of marginal small

bundles, m, m', m". The bundles within a leal trace have a symmetrical, and

characteristic, zigzag. 1 1 1 mg< men llu Loitligui monol leal traces can be ex-

pressed by means ol a form ula sis lollows: m" m' m L i Mi L mm' m". Although

the number ol bund I \ * ilongth stem, there is always a maximumnum-

ber of bundles within a leaf trace that can be found at a certain level in the stem,

this number being constant for each species. It varies from 11 bundles in

Amaranthus caudatas A.cruentu nd \ hypochondriacs to 9 bundles in A.

hy/midus, A. powcllii md \ ret roflcxus i bundles in A albu > bundle in \

blitum, A. viridis, A. deflexus, A. blitoides, A. graecizans and 3 bundles in A.

crispus. For more det n led information abo a |T\ 1 lotaxis the vascular system,

trichomes and the anatom \ of tfu tern in imaranths ee C.ostea and Dervlason

(2001).

The genera/ shape, the apex and the base of lamina and cotyledons were

described following Hickey (1978). The leaf anatomical pattern is constant

within the genus. Stomata in both upper and lower epidermis are anomocytic

for all species examined-obset various that disagree with Timonin (1986a,b)



who found even on ihc same leaf anomo
, haplo-, clia , para-, latere-, ecyclo-

andhelicocyticstomata.Theincnnnc/ifeonsist.sol LUiiseiiaieti'ichomesor mixed

multisenate and unisenate trichomcs. lamina is dot si ventral, exhibiting

""Kiand mi mi are. without laxonomic sij;nit 'icancc wit Inn ihe jyiuis duel clack

of variability.

The Inflorescence. -The flowers are arranged in small and very contracted

cymes, the first flower within each cyme, in monoecious species, being male.

For this reason, young plants of dioecious species are often misidentified as

monoecious species (commonly as A. hyhndus or A. powellii). Exceptions to

this rule are A. duhius and A. spmosus which have the male and female flowers

in separate cymes (Murray 1040: hliasson 1988). The cymes are agglomerated,

axillary and additional!)' arranged in racemose or spin form terminal, large and

complex synflorescences. Although extremely variable, there is usually a ten-

dency towards a morphological "i\ pe." I herelore the inflorescence can be char-

acterized by the number, thickness, one mat ion and dc nsi I yofbranchesand thus

can he useful for a preliminary identification cT Amaranthus species.

The flowers~The length of hraeteoles in some species (A. hybridus and A.

retroflexus) is variable and continuous, therefore without taxonomic signifi-

cance. The sterile flowers of hybrids tend to be associated with longer (than

normally) hraeteoles (brenner unpublished J. Asa result oi select ion, gram ama-
ranths have usually short hraeteoles, but sometimes. A. hvpoc hondriacus may
show bracteoles twice as long as the tepals, as in the wild species. The morphol-

ogy oj the tepals and ihe ratio between ihe tepals a /id the li tut provide the best

technical and quick identification characteristics. Ihe color of the mid-vein of

the tepals may be green (A. hybridus) or yellowish and inconspicuous (A.

powellii) and it can he exam met! on di icd material ion did spec uncus the col or

fades, but generally remains visible).

The Pollen. —Etch man ( Noo.) defined the "Amartinthus' pollen gram type also

centrospermous families tNowicke I 90 )). The pollen gram is pantoporate,apo-

lar, small (with D=18-28um). Generally it has more than 18 sunken pores, uni-

formly distributed and having the apertural membrane gianulaied. ledum
with granules or spmules (see also F.liasson 1988; Costea 1998a, b). Characters:

the diameter of the pollen grain; number and diameter of pores; density of gran-

ules or spinules on the sui lace ol the pollen grain according to the following

scale: high = 20-30 granules or morc/lum , medium = 10- 19 granules/urn 2 and
low = 2-9 granules /lum 2

.

The fruits- a. deucral characters asseen under 50 magnification or more
(see also K lopfer evr Robei 1 989a; Costea 1997b).

r « in utnscissih-, uuhhistenl m irivguhuh ilehisccnt.-Vsiud ly



transverse dehiscence versus mdehisccnce is a constant characteristic, useful

for species separatum. In some species with normally circumscissile dehiscence

(A. hybridus and to a less extent A.powelln), a transition between mdehiscent,

irregularly dehiscent and circumscissile Fruit may be observed in the same

population or even on the same plain. ( Hher characters are: the general form of

I lic/rn if: spherical, ovoid, ellipsoidal etc.: the form of the fruit toward the stigma

region: abruptly narrowed, toward the stigma region, a short beak being con-

spicuous (A. cruentiis) or fruit gradually narrowed toward the stigma region

(A. hypochondriac us, A. powelln). with the apex truncate to rounded, or acute;

the ratio between the length a ndi he width of th efruif.posi lion of the dehiscence

line: in the upper half, at the middle or in the lower half of the fruit; general

pattern of pericarp wrinkling: size of stigma branches: width at the base and

length: position of stigma r>n<nr/ie.s: erect or recurved.

b. SEMcharacters of fruits.-Surfacc oj pern cap observed with the SEMat

300x magnification or more. To describe the patterns of the pericarp surface,

we slightly modified the classification of Klopfer and Robel (1989a) as follows:

Teype A ("paniculatus" type, Klopfer ,\r Robel lASeA). - Cells very irregularly

shaped and ramified. Principal axis of the cells not more than three times longer

than the longest secondary axis. Anticlinal walls incimlaih w .\. d il e-
!

\

B). Type B ("bouchon 1 1 Ay pe. K I opfe r & Robel 1989a). -Cel 1 s ramified, 4-6 times

longer than wide. The anticlinal walls Q or S-wavcd (Fig. 1, C, D, E). TypeC

("patulus" and "del 1. xus"
1 5

pes Klopfer & Robel 1989). -Cells less ramified or

not ramified. 8 dim. longertb 1 \ id< Vntidin Iwall mostly S-waved (Fig.

1, F). Type D ("albus" type, Klopfer & Robel 1989a). -Cells less ramified or not

ramified 1.5-2 times longer than wide. Anticlinal walls weekly S-waved. Type E

("lividus" type, Klopfer & Robel 1989a). -Cells not ramified, 3-4 times longer

than wide with anticlinal wal Is straight to Swaved. The del imitation of these 5

tvpt 1 omehov rbit m In ust vith 1 p r t< pericarp surface features,

thespccn ol ubgenri Amaranthus are more variable than was suggested be-

fore (Klopfer & Robel 1989a). Almost all speciesexamincd in the hybridus com-

plex present, even on a single fruit, a continuous transition between two types.

Therefore, the character 01 the surface patterns should be regarded more as a

tendency toward a type. Even so, in some cases it is useful to separate, for ex-

ample, the subspecies of A. powelli i (subsp. powelli 1 presents t he type A surface

character, while subsp. houchonu shows variation between 13 and C types). In

the subgenus Albersia nearly all species are characterised by a unique type of

surface organisation, D or E (Klopfer & Robel 1989a; Costea 1998a).

c. Structure of pericarp. -The mature pericarp has a wry simple structure,

being 2-4 layered. The epicarp and endocarp are always Havered, while the

mesocarp, according to the species, may be 1-layered (A. powellii, A. hybridus,

A. retroflexus) or 2-Uiyercd (A. hypoc hondriaeus, A. caudal us and A. cruentus).





In some cases the mesocarp originally consists of a single cell layer hut finally

is crushed and becorm u u illy no Ion er disi inguishable t A hy/u uims) As a

consequence, the pei h ipinrhi ,< la n i|ipai lib '
I ) led The taxonomic

importanceofpciRji
|

> iructru rnech ni n >l dehiscence and analysis of the

dehiscence-indehiscence character arc the object ol different study (Costea,

Waines & Sanders, in ed.).

The Seech —Thediagnostic features ol the seeds were largely neglected due to

their small size. Descriptions of seeds were also produced by Kowal (1954),

Klopfer and Robe! 098%), Esparza- Sandoval et al. U996) and Costea (1997c).

1 lh eeel )f grain peci are more variable, dark or light colored, the character

being controlled by multiple alleles and additional loci (Knlakow et al IKSy

Kulakow 1987; Knlakow & Jam 1990J. The following features (including the

sculpture) should be observed undei >0 magnifii u ion or more (Fig. 2, A): The

shape of the seeds as seen from above, is variable between species but more or

less constant within a species, circular, elliptic, obovate. etc. As seen laterally,

the seeds usually exhibit a lenticular shape. The seeds are usually differenti-

ated into a central, convex zone and a marginal, plane zone, exceptions to this

rule being rare and diagnostic llu hapeallow tin eed i
o I loat and disperse

by water. The siz t defined b\ lie length of th iw< !i netei con si m hen

the plants grow in the same environmental conditions Otherwise, variations

of 0.1-0.2 mmfrom the average are possible Appearam e oj t lie seed base, where

the hilum and radicle are located: the tip of the hilum surpasses the tip of the

radicle (subgenus Amaranthus, exception-A. hybridus) or the tip of the hilum

is below the tip of the radicle (subgenus Albersia) (Kowal 1954; Costea N'-Kc i.

The presence between the hilum and the radicle, toward the center of the seed,

o\ a furrow; a concavity or a concavity continued by a furrow can be also an

useful additional character. 77ie shape of the seed margin observed i mmprolile

may be acute (usually J. rounded or truncated (rare J. 7 he sculpture of the seedsis

the result of the concentrically distribution oi the cells from the exotesta. The

following variations ear possi ble: the sculpt ui e is evident on 1 y on the marginal

Z.OIH in th( central on* be in; incon picuous (usually) both th< central and

the marginal zone are sculptured; both the central and the marginal zone are

almost smooth, and the central zoik is sculptured while tin in i mal on< is

smooth or distinctly wrinkled. The color of the seeds is commonly dark-brown

to blackish, or whitish-yellowish, sometimes with reddish nuances at the spe-

cies cultivated as cereals. Main; cult wars of A. caudal us have pink cotyledons

visible through the seed coat. The color may be uniform or not in the last case

usually with the marginal zone paler.

SEMcharacters of seeds refer to the ornamentation of the exotesta in the

marginal zone of tin end a observed undei iOO or more magnification.

Weused the terminology proposed by Barthlott and Ehler (1977). The aspect of





the anticlinal (prominent or inconspicuous) and periclinal (flat, concave or

convex with the sculpture of th epicutu I a t wa mooth or punctiion

walls were noted.

All the above mentioned charactcri lit in useful lor the taxonomy of the

genus but difficult to use for the current identification of taxa. For this purpose

we i' comrni ml th< .aim idi milii ation keys sum yed b\ \\n unci et al (2000)

which are mostly based on the t raditional characters.

Hybrids

Hybridization is the main source of the taxononuc problems within the A.

hybridusaggregate.Yetthelreciuencyof h\bridi;:ation within populations and

sometimes the fertility of hybrids has been over estimated (Priszter 1949, 1958).

In fact, experimental hybridizations undertaken ( Murrav 1940; Greizerstein &
Poggio 1992) showed that such events occur ml ivqueni l\ and that the Fl plants

have a reduced fertility (usually 80-98%, rarely 60%). The mean outcrossing

rate for the cultivated species is 3.5 to 34 %(Jain et al. 1982; Hauptli &Jain 1985;

Agong&AyiecholWI I piua Hupy I l'J'Hj Nm ui pi i aneb ion idemi-oha

often amaranth jyim inlaid mixed pecie population mtrogression does

occur, the result being formation of hybrid swarms. Hybrid plants are often

difficult to ascribe to one of the species, or even to associate with the correct

parental species. In the temperate regions the phenomenon commonly involves

the three weedy species -A rci roflcxuy A. hvhrulus and A. powcUn. (dene f low-

may also occur between the domt sti< uecl spot i< ••
( -\ hypoi houdrith us \

cruentus and A. caudal us) oi between the domesticated species and their wild

relatives. The last situation occurs frequently in the regions where gram ama-

ranths are cultivated indttu related weed pecies grow in the vicinity (for ex-

ample in Mexico, Ecuador. Guatemala, Peru, and Africa). In such regions the

pecit limit bluru ulrin in n aremelydiffici.il comph Ol ten. the pat

tern of variation is impossible to explain if we take into consideration only the

"classical" species u tin that ome other L i] unknown ?) taxa are in-

\ol\nl mo \po,ihh . ,| I n niori (-1 dii- \,n iabiht\ m ome areas could be

ing for example on tie poll mat ors U ! mpth ,'
- Jain 1985) and probably other

factors too. It is hazardous to evaluate such plants only morphologically; de-

taikd mil iiiu-inol. liIu mad i mini, u \ in t he future if the conse-

quences of hvbndication are to be properly understood. However, to date mo-

lecular methods have not contributed much to the understanding of this

complex of species because of their contradictory results. The attempt to evalu-

ate the relationships between cultivated and wa Id amaranths, using plants pos-

sessing a degree of mtrogression (or even misidentificd ). can lead to unrealistic

results and the future studies must involve careful use o\ both molecular and

morphological methods.



Ilk' species ol ! lie sullen a-, AnhUiAinlius hybridize with l lu- species of the

subgenus Acnida (Murray 1940; Saner 1955) complicating even more the inter-

pretation of the variability in A. /ny/middes agg. The gene pool of the grain ama-

ranths also includes the 10 dioecious species t Brenner 1990: Brenner etal. 2000),

the potential of variation being enormous. The consequence of hybridization

between species ol ihe subgenus Oaimonbins and subgenus Acnida, in North

America, is a subject that deserves I'm ure attention. The Id hybrids within sub-

genus Amuranthus and those between species ol the subgenus Amaranthus and

subgenus Acnida, are ol ten not strict I y intermediate met phologically between

their two parents, having abnormal ml lorescences with very dense, crowded

branches. They can easily be recognized by the great numher of densely packed

bracteoles that subtend the often sterile flowers, lor their accurate identifica-

tion, one has to take into carol ul consideration what potent ial parent species

are present in the I ield where the h\ brids were collected. I ortunately the spe-

cies of the subgenus Amavanlhus^xnd Acnida ?Jdo not hybridize with the spe-

cies of the subgenus Albersia (Priszter 1949, 1958).

TAXONOM1CTREATMENT

The division of the genus into three subgcnera-Acmdu, Amuranthus and

Albersza-suggested by Mosyakin and Robertson (19%;, appears to be most

appropriate because it would permit revision at the section level of the hetero-

geneous subgenus Albersia (= sect. Blitopsis Dumort.) already started by the

two authors. Wesupport this classification with new morpho-anatomical char-

acters. Also the fact that hybrids between the Subgenus Amaranthusand the

Subgenus Albersia are unknown confirms the separation ol Albersia as a sub-

Mi II t
i [ i

i ,i M
1 t ,

i

[ itl, , i, m>unities

seeds with hilum beneath tip of the radicle Subgenus Albersia

(= Sub jenu ti n I un n

Within the subgenus Amaranthus, we support the treatment of Sauer (1.950,

1967) in maintaining t he cultivated taxa distinct as species from their supposed

wild progenitors, supporting it with new morphological and anatomical evi-

dence. Wedo not claim that combination may not be necessary in the final re-

vision of this difficult group. However for the moment, lumping appears to be a

too simple and arbitrary solution. Until the day that the variability and the re-

lationships between all the taxa involved will be understood we consider it more
appropriate to maintain them as separate species.



L, Sp. PI. 990. 1753. type."

Wmmmi,im, Jul, ^ i
i m t'h> i I, mm .An cm' VI 63. 101/.

Stout erect to archinj], annual up to 1-1.51 ?.) m high. Cotyledons narrow-elliptic,

13 x 4-5 mm,with acute apex and hase: petiole about 10 nun 1 ong. Leaves rhom-

bic-ovate to elliptic. Trichomcs multicellular with uniseriate cells. Inflorescence

large and showy, with the terminal part: 10 300 40) cm long, thick, pendent to

erect, usually red or purplish, rarely while or yellow. Sometimes die ml lores

cence is similar to A. fiv/m/dus, consisting of many lateral, more or less perpen-

dicular branches. Bractcoles 3-1- mmlong, about 1.2 1.5 limes longer than the

tepals, usually not exceeding stigma branches. Tepals 5, eeiual. outwardly curved

or erect, 1.9-2. 5(-3j mmlong, obovale to broadly-spat hulate, mucronate, over-

lapping each other, with the in id veins uniform, yellowish-brown. Fruit circum-

scissile dehiscent, longer than the tepals. 1.5-2.5 mmlong, a little longer than

wide, ovoid, weakly longitudinal l\ wrinkled, with the dehiscence line in the

lower half, gradually or abruptly narrowed toward stigma region. Pericarp sur-

face is type A. Seeds 1.3-1.5 • 1.25-1.35 mm, round to asymmetrically-round.

Between the hilum and tin radicle a furrow i ^\, no almost to the middle ot it a

seed. The seeds arc differentiated into central and marginal cones. 1 wo distinct

types of seeds exist: a) whitisli yellowish in color, ovoid in lateral view, with

marginal zone smooth or irregularly wrinkled. often wit h the pink embryo vis-

ible through the seed co t md tin < mtral oik con nicuously sculptured; the

border of the seed rounded or truncated: cells en the exotesta in the marginal

zone elongated (30-50 urn length) with prominent anticlinal walls and

periclinal wafls plain' and verrucose (Fig. 2, Id. b) dark brown seeds, lenticular,

with marginal zone sculptured and central cone smooth: uniformly colored;

cells of the exotesta a in tin dutish-yellowish eed but the periclinal walls

smooth; border of tin: seeds is acute Pollen grains 22 24 iiiit with 30-40 pores

o\ 1.5-1.8 urn diameter. Density o\ granules medium. In = Yl.

The relationships within A. caudatus were studied by boons I N75. 10821

and we share thai autlioi s \ iew of infraspecif i< ( lassil n iiion

Distribution and ecology In kuropc \.cauda(u i ro\ n primarily as an

a gram crop, originated at high elevations in south America, in northwestern

Argentina, Ecuadoi IVru and Bolivia tin clos< ild ) m being A hybrid us

subsp. quite nsis In tin native areas you can often Inn I transitional forms be-

tween the two taxa. I he guest ion remains whether A. i t ucnt us also participated

in the development ol A.caudatusA sing the dam Irom nuclear DNAand re-

striction-site chloroplast variat ion, Lanoue el al. (FAbo lound that A. caudatus

and A. cruentuszre more closely related to each other than to their respective



putative progenitors, cShan and Sun A 997). stated also i hat \. caudatus is more

closely related to Ao i ucnlus. and both o\ them nearer to 4. A'lmdus than to A.

quitensis. These data are not confirmed In; evtological studies (Pal & Khoshoo

1972, 1973; Hauptli &Jam 1984; Greiierstcm & Poggto 1992; Greizerstein et al.

1997). Also, other mollecular studies, using RAPHmarkers indicate that A.

caudatus is more closely related to A. /ivpm IkdkIiuk us than to A. cruentus

(Transue et al. 1994). Saner (1967) stated that when growing together with the

other two cultivated giain species. A. otnic/a/ ks tkx's noi usually form hybrids

and crossing barriers in A. uiiuiai us have also been observed by Coons (1975,

108 ').
! lowcver.amongtheacccssionscuhivaled at Ames, Iowa between 1984-

1989 and deposited at NA, many of the plants im possi ble to ascribe to a definite

specie-, were obviously related morphological lv in A. caudal us. In all cases such

plants have obovate tospathulate tepals, only partially overlapping each other,

and narrower than in typical A. caudatus hut wider than many other species,

suggesting a degree ol mf regression. I wo mo -phologic tvpes are commonly

1

)

1 he plants t rom Morel os, Mexico identil led as "A rriu'/il us" by l.ehmann

.'i \ l\\ A lIii ul p; an, ulatu> b\ pjut ipp n m '\ re| >n i in <f limn I md

Lehmann-.AMtS^^OUUp, 1 aiuP ) ^07 >IA ,/,s2 AM 988 5193,5195,5196,

5197 (Type 1 and 2) 5198 (Type 1 and 2), 5290,529/. 5292, (N A)]. Besides this rec-

ognizable type, many other accessions bear morphological 4 races" ot .4.

caudatus but there are more heterogenous suggesting either the participation

ol A . . i iirmiisor A /iv/xn hondi nicus, or both, in their origins.

2) The plants from Ixuador identified ;is'A hvhi idu\" by l.ehmann or "A.

hyhntiu.s subsp. <poAon,i4" by Spjut, probaf)ly involve A. amdatus and A.

ftybridus (Ecuador, l.ehmann'. PI 490003. /'/ 490664, 14 490666, P/ 490667, PI

490670, PH907I64'/ 490/48, /4 4907/9. 01 490/22, PI 490672, PI 490715, PI 4907 23,

PI 490724, PI 490725. PI 490726. P/ 490728, /'/ 4907,4), PI 490731, PI 490732, PI

490735, PI 490737, PI 490742, PI 490746, PI 490747, PI 490748. PI 490752. These

specimens are different I rom the red Pciuulot lan see igoi ache," another example

of taxonomic incertitude in gram amaranths. Saner included it within A.

quitensis and Brenner et al. (2000) suggest the same. Goons accepted it as a va-

riety of A. hybndus (s.l, including. A. quitcnsis) (1974 1978). As noted by Coons,

even if closed \ related to \. i audai us and A.hvh id\ oral 1 iji n, or 1 imlim
less extent with A. cruentus. "sangorache" presents some unique features such

as the tepals position and the form oi the fruits. Wealso dunk that it deserves

separate recognition— at least as a variety (if not as a subspecies)— but itsposi-

K, 'en ",< 'in, Hiv ,!)«', mu'ir > -,,n in :< -
! AFRICA. ETHIOPIA. Harege P • uili

vation,9°5
,

N,42
u

1/'t, ' Vp Mt 1 (,io„ -
' 'OUM 04 nOmmI hen I

|
io l iiinm"Besadimo,"1425

n lubabor Prov.: H km SWTeppi, /"9'W,



l-h niiini "D. P'M l^/a^95(NA).KefaProv.:EcAJirna,Oct5 cnhimij S

v.:AddisAbeba,HughRouk,l !-.
I

"
. KENYA. Eastern Prov.: Mount Kc

m,21-27 Sep 1909,/Vlrums / 1/7 (A). SOUTHAFRICA: Pretoria-Riviera, cultivated, 1 Jun 1

'iechen 9983 (A).

ASIA. ISRAEL: Sharon Plain HetJu it i ,n ih n I u 1 |. 1 pr 1
' r a i >nan .i '

;H, FLAS,MO,NA). NEPAL: s.f.Marhi ill i 1 tin inn m M n I "5 1 Sauer 1505C (WIS),

he SWSlopes of Ann ipum i ulti it I i im 'I 5 1
>i i, i m 1 Nov 1954, Sauer

'.\ >• PAKISTAN. Ladak Prov.: i
i

' il

Tamil Nadu: s.f.Madn i I' 1 M
I

I 30 Aug 1964, Sauer 3962 (MO, NA,

WIS); s.L, 16 Sep 1964, Sauer 3964 a (WIS). CHINA: s.f. Yunnan, 3 Sep 1940, Cowgill 2087 (BH). s.f.

Mowhsien.Szechwan, 2000 m,"< ultivatcd crop," 9 km I9.M), Viu.v o,op A (WIS). JAPAN. Hondo:

f i ult it-d r >i r t 1

^
< < >4(i AS).

EUROPE.SWEDEN.Stockholm: s.f Mui kholm I ot umaiLatd. .ii,Gf,»if2/9(WIS). ENGLAND:

s.f. unknown locality cultivated at Ne Pith,. uiPmij sj iBH) FRANCE. Doubs:

s.f.Besancon,Botanicalu:id. nut th I'm ri -I i u n in i , i Loire-Atlantique: s.f.

Nantes, Botanical Garden of Nantes *
'

I ROMANIA. Constanta Co.: Medgidi,

"cultivated as ornanx nlal mdiud, nl I -p I

> <
< fej n (BUAG).

NORTHAMERICA.UNITED STATES: CALIFORNIA. Santa Barbara Co.:Santa Barbara,22 Ja

1958, Pollard s.n. (CAS). San Bernardino Co.: Rialto I t I

r r Pr^,. -141 (DS). Ventura Co

Casitas Pass Rd., Foster Park, 23 Oct 1 9 - ' i Santa Clara Co.: Palo Alto, 22 Jan 195

Po/Ws.n.(CAS).18Sep19< U ' (N \) FLORIDA. Alachua Co.: Gainesville, 14 Sep 195:

Wests.n. (FLAS).ILLINOIS.Chicago (culti I I), 1 lull ' i. (DUKE, FLAS); s.L, 13 Jul 198;

Plowman 14507 (US). MINNESOTA.Stearns Co.: St Cloud, 807 S, 6
ih Avenue, 26 Sep 1 991 ,

Lindstrom

1 99 /(KSC) NEWYORK. Tompkins Co.: Il In. ,, .'0 O p I

<,., mvm " (BID si, 11 Sep 1914;s.l.,29

Jul 1920;s.l.,20 Oct 1920 11 -fA II lull OH) I 3 Aug 1948, Dress /405

(BH,NA);s.l 51 Aug 1 > VIRGINIA. Buchanan Co.: Upper Prater, 1 1 Aug 1988,

•",) WISCONSIN. Dane Co.: I . ^-"WIS)

SOUTHAMERICA. PERU. Dep.Ayacucho: Fin m,I OhiOh., 00 m, lOMar ]964,Gade

s.n. (WIS).Dep.Cuzco:Utubamba 1
fipr 1 1 N-\i p liM no, 10 May 1964, Gades.n.

(WIS) Dep.Huancavelica:MejoMda,s1 » r 1 I >• ,VISj BRASIL.Mun.Curtiba: Parana,

"ornamental 26 Jul 1980 i ) i IS) BOLIVIA. Prov. Cochabamba: Cochabamba, 31

Oct 1948, Sauer 1241
'

I
k Of I

III 1 948, Sauer / 179 (MO, DAV,DS,GH, MO,

NA,WIS).s.f.Cochab imt i i n i m 1 t II
1

i t I I 1 I til nifl^iProv.

La Paz: s.f. Sacaba, 19 Nov 1959, Sauer 2540 (NA A I t Ian rA 1

<^
> ruer 2542 (NA, WIS), s.f.

Chulumani,Nov1959,Souer 2539 (WIS). ARGENTINA: nhi ,i<A ' i -pi h> U.Hunzinker 2083, 2083

fi/s(BH).Prov.Salta: DepLaVma Puert i 1e I i
A it- '

l > n 1 °41, <<un7inh-> •

2. Amaranthus cruentus L, Syst. Nat. ed. 10. 1 269. 1 759. (Fig. 3). Type: "CHINA"; LINN

20=). 1912. A.JivAn<!icsP.subsp. . mutKkniI 01 hell pi o|,-s ism is nAinUl 01 lull. Ascherson &
L t i hi t i il \ln tlai I I >

'
I I

i > i
i i

|

in i i i(s I H t ]in Postal

var. cruenlu.s Mansf., Die Kulturpllanze 2:54. 1959.

Erect annual 0.5-1.5 r





7 mmlong. Leaves rhombic-ovate to broadly-lanceolate, 4-15 x 2-18 cm. Tn-

chomes multicellular with cells umsenate. Inflorescence usually with many

lateral, perpendicular, thin branches. 8ractcol.es 2-3 mmlong, equalling or

slightly longer than the tepals. Tepals 5, almost equal (one is approximately 0.5

mmlonger than the other 4), oblong, acute, with the mid-veins uniform, yel-

lowish-brown. Fruit circumscissile dehiscent, 2-2.5 mmlong abruptly narrowed

toward the stigma region, a short thin rostrum being evid nt hruit about 1.5

times longer than wide, obovate to rhombic, 2 2 5 mmlong, with the dehis-

cence line at the middle or in the upper half. The pericarp is almost smooth or

weakly wrinkled abos. the dehiscence oni type of pericarp surface variable:

A toB. (Fig. 1, (J Seed obovatc to ellipta tsymmctrical 1.25- 1.0 II 1.2 mm
whitish or yellowish, rarely dark-brown. The pale seeds are very much like the

ones described for A. caudatus. The differences are thai the furrow between the

hilum and the radicle is prolonged only about 1/3 of the way through the di-

imetcrof the t d and that the pink tint i usually absent I he dark seeds ex-

hibit a concavity above the hilum and have both the central and the marginal

zone (especially) sculptured. The cells of the exotesta as in A. hybridus. The

border of the seed is acute. Pollen grains 20-25 urn, with 33-45 pores of 1.9-2.1

urn; density of spinules medium. 2n = 32, 34.

Distribution and ecology-Apparent I \ oi iginati d inC entral America from

the wild species A h\ biidu i igumuop m. i
i 1° nb.md Sanchez-Del Pino,

Flores Olvera and Valdes (1999) noted transitional forms between the two spe-

cies in Mexico but such examples also occur in Central America and Africa.

Together with the other two gram amaranth species, it was introduced into the

Old World by the Spaniards and then into Asia and Africa. Today it is culti-

vated worldwide, mostly as a garden ornamental. In United States, South

America, Zaire. Sierra I cone, hthiopia. India, and Middle Fast it is cultivated as

a cereal and in man\ other countries it is being evaluated experimentally for

this purpose. The commercial gram amaranth crop involves both A. cruentus

and A. hypochondriacus as well as hybrids between the two. In Africa A.cruentus

is also cultivated as a potherb, bearing the name "African spinach" or "Sudan

spinach," or is used as animal fodder. The leaves have a high content of protein

and vitamins. This sp ( < a om> im op bom < ul to aoon mruderalplaces.

Representative specimens examined: AFRICA. EGYPT: Bashtil,21 Oct ]974,Mosein&Riad Higazy 18

M ) ETHIOPIA:! '

. n i I i

Westphal&J.M. CWestphal 323b (US). NIGERIA. State North East: Distr. Gembu,Mobilla Plateau, 10

May \972.Gbileetal. 1337 (MO). CAMEROON.Prov.Sud-Ouest: Dep.Fako,Bakingili,4°04
,

N,9°02'E,

0-30m, 12Jun 19, u 4 /<>< u i< > u n 1 1' mmi ,\ .11 t ion Garden of Depart-

ment of Agriculture ENSA, 17 Dec 1 976, J.M.C. Westphal 7375 (NA);s.l., 18 Dec 1976, J.M.CWestphal

9010 (NA).UGANDA.Distr. Kampala City: Botanical Garden of Makerere University, 0°17'N,32°34'E,

1 200m, 27 Feb 1972, Katende 1735 (MO). KENYA: s.funhin n I
hi ulTi a. d at Miami, Florida, 7

Sep 1 920, Shantz 5 /«47 (BH). ZAIRE (CONGO). Distr. Shaba: 15 km of Lubumbashi, 22 Dec 1961,

Schmitz " BURUNDI. Distr. Bujumbura: > }974,Auquier 4090



/n, cultivate (1 10 i in n Jiil
I

> w,

AUSTRALIA ANDOCEANIA. PAPUANEWGUINEA: East Highlands Distr.: Norey Kora

Swamp, 6°30S,145°75'f 1400m, will, it I t Wt M f,
, , \ Anu 5857 (A).

ASIA. INDIA: s.t unknown I, u alitv c uitivateri at New York, Ith.u ,1, 1 S Aug 1933,G/7more 13600,

/5595(BH)PembraMihlui ,\ n ,i Mill, t nhi w n .h *|>H»r /^w*0(NA, WIS). CHINA.
Kwangsi: near San tai ling. '^ W.i W >«," w< h w ,[

i

,, VIETNAM. Annam (Trung Phan
region) 1 )in ineiDiNm

i

1 lul 1

'
,

,o Wh * ,>>.
< i

I PHILIPPINES. Mindanao
Island: Davao, Apr 1903, DeVore & Hoover 1 /2(US). INDONESIA. Holmahera Island: Kampung.Pasir

Putih,cultivated,13Fel I981 a) < F Coast m. i ,han Ria,Asahan,5 Feb-

12 Apr 1934, Bocea 8077 (US). Adi.m Rindanq, vicinity of Hoota lomooau Dolok, 17 Nov-10 Dec
1 935, fiocea 87/0 (A).

AUSTRALIA. NewSouth Wales: Summei Hill,"spontaneous in garden/May \97 0, Michael M8
(WIS).

NORTHAMERICA. UNITED STATES. ARIZONA. Navajo Co.: si Hotevilla, Hopi Indian Reser

vation,6 Nov 1950 ALABAMA. Jefferson

Co.: Birmingham, rudwul 1 ) \ 1
i

-
, , i M CALIFORNIA. San Bernardino Co.: San

Gabriel Mountain San nt i i i I ,

f

n n r u h I

r ,„,, i r ildy Village, 1 300 m,

Thorne&ThorneT. Santa C lam Co .
, idley 24899 (SMU).

Palo Alto Harbor, ruder il 1 I m
j 1 1 ' i[ hi It .In Inn treet nearChanning

Street, 27 Sep 1 961 ,
Thomas 9791 (CAS, DAV).San Joaquin Co.: Calaveras River bottom, 1 7 Sep 1 927,

Stanford 170585 (DS). KENTUCKY: unknown locality, c ullivatcd, 1 H I /, Short s.n. (NA). MICHIGAN.
lnghamCo.:neail ,i i Ml) i . MISSOURI. Boone Co.: Columbia,

"ruderal," 1 8 Aug 1 933, /VffW', '«-!(! )M'.»). hist HiglandsuudoMl/iAut) WU, Dimes 921 (UMO). NEW
YORK. Albany Co.: in it I nhn II m I. i il 1

•
. p 1

>

'

, ' ' w (BH) s
1

,23 c ep 1928,

Burnham 17206 (BH). PENNSYLVANIA. Allegheny Co.: N si.ieol Iht ishnrqli, ruderal, 4 Aug 1946,'

Bukers.n
.
(CM).BucksCo i i i WISCONSIN. Dane Co.:

Madison/'waste ground »ct 19 HAWAII. Honolulu Co.: Aina Haina, 27 Oct

1978, Bush 939 (US, NA).

CENTRALAMERICAANDGREATERANTILLES. MEXICO. CHIAPAS.: Bonifilo Ocosingo, 26

Nov I" -
, , ,

i JALISLO,
i

I
.

' . "Win
Aug ]99],Cevallosetal. 140 (SMU) MICHOACAN.: Pat.wuoio, 2050 m, 20 Oct 1 979, Caballero 1106

(WIS) si 14 Oct 1Q4M www/, o ' w
|

, OAXACA.: I li. it. p, « uig 59 Sauer 2529 (WIS).

PUEBLA.:s.f.Acatlan i
, , , ,

i m c UhA Ciudad de la Havana:
Havana, kstacion Cent ul Agionuim, a,< ultivaledW.hw 784 i [(. ,H). HAITI. Tortuga Island, Vicinity ol

laValle,3 May 1929 GUATEMALA.Dep.AltaVerapaz:w I .

2 Nov 1950, Sauer 1765 1 (WIS). (. ubilquitz, 350 m, Aug 1903, Junckheim s.n. (GH). Dep.
Chimaltenango: U nnuli i|. " . 1 <h < r ,.

1
1

hi s I Sauer 1 159, 1 183

(DAV, NA), s.L, Sauw /'w< ih, Willi Ma
| Imuhl <> ' M0 (MO, NA.WIS);

s.l.,31 Oct 1948 Sd(j t '
1

J ii 1 , n i t ; - o 1 1 59, 1 129, 1264, 1305,

(DS,GH,NA,UC,WIS),sl and imeduh a, hnh NA Uw
I Nov 1948,5ouer 1373,

73/4 (MO,NA, WIS) s| „id .i i. lit. . iu, t (NA, hD.h 1 ,
i

| [
.

23 Dec 1948 Sauer 'I II I I 1 I 11 1 NAWh I hi lu.n

Saclepequcz 18 Oct 194 u (NA.D i
I CM M 1 h w r '769,128t It'

1275, /265(NA,UC, WIS) I n No I'M www '. i[)A IN
I i)N <w/ / to'W / a (l)A\/ UN)

NICARAGUA.Rivas: I I
iitimt. p. Vol. in M id. n 1 1

' 'II I UK) 800 m,24 Sep 1984,

Robleto 1273 (MO). EL SALVADOR:' m S il adoi wilti ,ihl lun 1 ' /won 739 '(GH). 20 Dec
1971-4 Jan 1922, we. I in i .. I . M ^ (^H 1

1'
i

SOUTHAMERICA. VENEZUELA: I ,. .wlw m n I I h u 1 M H Rhwh



Ba//ey839(BH).COLOMBIA.Dep.Antioquia:l Dep.

Cesar: Becerriljul 1 970,Ruddle s.n. (WIS).PERU. La LiberdachTrujillo, Hacienda la Encalada, 2300 m,

I
] h'h 1

>

r
,

'

n, , , ttuh ,
i' I'-) BRASIL. Distr. Federal: Paranoa at Lagoa Paranoa Lake, 1? Dec

1 965, Irwin etal.l 1239a (MO). Distr. Santa Catarina: Fhn ,n
i

.h '"in " <^a 1 964, K/e/n 5353 (US).

3. Amaranthus hybridus L„ Sp. Pi. 990. 1753. Type: "Habitat in Virginia"; LINN 1117/19.

Annual to 0.5-1.5(-2) m, usually erect. Stems weakly to densely pubescent above,

multisenate hairs being mixed with umseriate hairs. Leaves rhombic-ovate to

broadly-ovate-lanceolate. Inflorescence dark-given, cither with many crowded

sh ndei lateral branc lu ;, or lax. v ithonk ;i I. w 1 1< mou branches. Bracteoles

2.5-4C-6) mmlong, narrow, about 1.2-1.5 to 2 times longer than the tepals. Tepals

5, almost equal, or one of them longer, 1.5-2.5(-3) mmlong, with the mid-vein

dark-green, with very variable form and length: a) narrowly-ovate to oblong-

lanceolate, acute to snl> u nr - ,u u ,hmi<t hernial >i \i) oblong-lanceolate,

obovate to spathulate, erect to outwardly curved, equal to longer than the i ruit.

Fruit usually circumscissile dehiscent, 1-1.5 times longer than wide, with the

dehiscence line at the middle or in the upper half, more or less abruptly nar-

rowed toward the mi mi i u ion mliui »f i mb I d ibo\t the dehiscence

line. Infrequently plants with indehisceni i
i Lrn gularl) d( hiscent fruits may

be also encountered. Stigma branches are short, slender, erect (0.9-1.4 mmlength

and 0.1-1.18 mmwidth at the base). Type of pericarp surface variable: B to C

(Fig. ID). Seeds 1-1.4 x 1-1.35 mm,broad-elliptical to circular, lenticular. The tip

oi the hilum is placed below or at the same level as the tip of radicle. Seeds dif-

ferentiated into central and a marginal zones, both sculptured. The cells of the

exotestaare polygonal, 75 -35 urn, with prominent anticlinal wallsand convex,

finely sculptured periclinal ones. The border of the seed is acute. Color dark

brown to black, sometimes with the marginal zone having a paler tint.

Amaranthus hybridus is an extremely vaiubf |>u k , i pccialh in Mexico

Central and South America and Africa (see also Sauer 1950). Coons (1975, 1978),

after a meticulous tud\ oi theii relationships con idcred A quitensis a syn-

onym of A hybncins. llowevci h< id mated that one charactei the inner tepal

index, may be significant though not correlated with other characters. The de-

scription by Kunth (1817) of the pistilate flowers of A. quitensis: "calyx

quinquepai iitus; laciniis lanceolato-oblongis, obtusis" is actually a better de-

scription of A. hybn dm. 'I 'hoi lu rig U9 1 4) amended t he descri puon of A. qui tensis:

"tepals 5, about 2 mmlong, spathulate with the apex broad-rounded (with

mucro), with a green mid-vein continued into the mucro. Fruit shorter (rarely

as long as) than the perianth." Weconsider that both descriptions together are

more likely to represent A. quia <> i, rhtsMiahm tmln ll '
nd\\i<o

(1974) to include A. quitensis as a subspecies of A. retroflexus. However, the real

affinities of A. quitensis are more with A. hybridus, in which we include it as a

subspecies. The hybrid between subsp. hybrid 'n.sand subsp. ( /ui tensis has a pol-

len viabihta o( 60°o iCaviaerstcm £ Poggto Wl) ;i value that shows both the



affinity and the distinctness of the two taxa. Also. Greizerstem et al. (1997)

showed significant differences in karyotype formulae and asymmetry indexes

between the two taxa. Molecular evidence for the distinctness of the two taxa

was provided by Chan and Sun (1997). Wefind the pollen of the twosubspecies

of A. hybridus easy to differentiate.

Amarunthus hyhndus (especially subsp. quitensis) stands apart from
Amaranthuspowcllu and A. ret rofhw us in its ecology mid in its flowering and
fruiting times in temperate regions, being about 2 4 weeks later. Native to East-

ern North America, Mexico, ( entral and Soul li America, but now a widespread

and noxious ruderal and segetal weed.

» hybridus subsp. hybridus (Fig.

ibsp hypochondriac idl. "proles" cruentu

deur. Fl. 5:244. 1914.

xthusincurvatuslm i. ex Gre n. Xr Godr.. Prosp 14

Cotyledons narrow-elliptic to elliptic, 10-12 x 4 mm, with rounded or obtuse

apex. Pollen grams 22-28 urn with 25-35 pores of 1.4-1.6 |um in diameter. Den-
sity of granules medium, (lag. 2, 1:). 2n = 32, 34.

The name A. hyhndus was rejected as ambiguous by some authors because
it was widely and persistent lv misapplied to A. pourllii or A. hypochondriasis.

As all these species were clearly typified, we cannot follow such a view. An-
other name"A.c/i/orosMc/i_vs"\\ Inch was very much used undesignate this taxon,

is based on a single green plant, within a red-coloured population of cultigens

from India (A. pamculatus WILLD 1752KB)). It appears that Willdenow de-

scribed this mutant as a separate cultigen. winch later authors, ambiguously
but constantly svnouvmiized either with A hxhr'ulusor with A.powdlii (espe-

cially in Europe).

Sauer (1950) distinguished a "northern race" and a "tropical race" of A.

hybridus. Wesubscribe to this practical, non-systematic grouping. The northern

race is the "typical" A. hybridus, a common weed in the temperate regions of the

world that causes Im le laxmomic problems. Sometimes introgression with A.

retroflexus, A. powcllii or dioecious species has been documented, but usually

individuals are easy to identify The length of bracteolcs and the inflorescence





are variable, continuous and nor correlated. Consequently iurther infraspecific

separation of a var. (subsp.) "hybridus" with bracteoles about 2 times longer

than the tepals and nil lorcsccnce dense with many lateral crowded branches,

and a var. (subsp.) "patuluf with bracteoles about 1-1.
"5 times longer than the

tepals and an inflorescence less ramified and more lax, seems arbilrarv.

1 lie variability o\ the "tropical race"— common in Mexico, South America

and Africa— is on the other hand exceptional, suggesting mour view that some-

times, additional taxao in knowmoi oi he i than i he ones examined in this study)

have contributed to the vai lability Often these plant scan be named A. hybrid us

only in a broad sense If we use the tcpal length character, such plants fall again

into the two categories a) plants with i lowers t hat haw the tepals longer than

the fruit, and b) plants with flowers that have the tepals equal or shorter than

the fruit. Within the first category, we encountered among plants from Mexico

a distinctive variation that might deserve taxonomic recognition It resembles

subsp. quitensis but is obviously diflerent, with tepals acute, mucronate, re-

curved, and up to 2 times longer than the fruit. Such plants were identified by

Sauer as "A. scariosus A. Iiy/u idus ? " or "A. hyht idn\ atypical" and were also

observed and cited by Sanchez-Del Pino et al. (1.999). Examples:

Chiapas: Mumcipioot\ i mm in m i tl it < u| I ihh Durango: Oct 1896,

Pa/me/V59(GH).Hidalgo: RioTula, 1700 m, 15 Mai l

ll
<

L '
. l> Oaxaca: Valley of Oaxaca,

1560 m, 8 Jul 1897, PrhHjIfvn. u M, I A, MIC H.MIN). IS km SI nt CVix.n a, 1

7 40 m, 1 Oct 1962, Ugent&

Hoi, s '(»'S(Wl l

) Upp. i lop. >li.no int. lip. I
" N "< 'n\ i M 1 w >

( g. n! \ [lores '7th

(WlS).Chimalapa, 1100 in, U 1 NOTffl ' >M mo \'„.
, , (MO);l< H N 94 °08'W, 14 Nov

1984,MoyaS99(MO).Tamaulipas:San Jos.\.>0 I ob 1 939, /e Sueur / ?2 (ARIZ).

The plants from the second category are even more variable suggesting, in our

view, the participation ol other taxa than A. powcilu, A. crucntus or (and) A.

hypochondriacus. Besides the "typical" variation oj Annu\mthus hybridus, we
have encountered the lol lowing sit ttat ions:

1) Plants reddish throughout.

2) The inflorescence composed of lax monochasial cymes (ripidium) with

the rachis and the secondary axes visible (.usually cymes in Amaranthus are

very contracted and such details cannot be easily observed). Such lax cymes

may be arranged m thick spicilorm ml lorescences re.sem bling A. powdlii or in

very branched inflorescences, with many patent, lateral branches (as in typi-

cal A. hybridus).

3) The bracteoles extremely thin, acacular, spmesccnt, rigid, 2-4(-5) times

longer than the flowers.

4) The bracteoles arranged more or less at right angles to the main branches

of the inflorescence, going a general bristly appearance.

5) The bracteoles, st rough' recurved.

6) Variable number of tepals, >-a, membranous wry unequal, without green



7) Tepals spathulate to obovate.

8) Tepals reduced, very small.

9) Variable number of srames, 3- a.

10) Fruit spherical, indehiscent, irregularly dehiscent or circumcissile with

the pericarp smooth, the apex rounded (without a "beak") and the stigma

branches very thin and erect.

The plants may exhibit one or more of the above characteristics, sometimes in

combination with the usual features of A. hybndus. The variation is continu-

ous, and at least for the moment, it was impossible to classify it into distinct

types. As Sauer suggested (1950), collecting more material from these regions is

needed for a better understanding of this taxon.

Distribution and ecology— Originally from bastern Nonh America, Mexico

and Central America, but now widespread all over the world as a weed in culti-

vated or waste places.

Representative specimens examined. AFRICA. ALGERIA. Tilimsen: vicinity of Tlimsen, 250 m, 24

Aug 1 932, Faures.n. (US).ZIMBABWE. Mashonaland East: Salisbury City (Harare),3 Mar 1 979, Bayliss

8999 (MO). Que Que Distr.: Silsbury, 1 5 Mar 1 978, Chipunga 165 (MO). MALAWI: Ulongue, Zone A,

1 7 Oct 1 985, Patel & Bauda, 2799 (MO).

ASIA. PAKISTAN. Azad Kashmir: Mazaffarabad Lua. 4 o. t 1
-

,
> ,ud>i> tf i \ c " li

Punjab: Rawalpindi Distr. Islamabad, University of Islamabad, 2200 m, 2 Sep 1 975, Chaudhrietal.s.n,

(CM). Swat: Marghazar, 1300 m, 14 Oct }975, Shah etal 501 (A). CHINA. Huanan: Cili,390 m,9 Sep

1 984, Chowet al 395 (A). JAPAN. Honshu: Pref. Kyoto, G una, Hiyoshi-cho, Funai-Gun, 200 m, 29 Sep

1991, Murata & Takahashi 70295 (A). Miyagi: Miyagino-mushi, 3 Oct 1972, Naito 72103 (A, MO).

Musashi:Tokyo-tn H mi u I

r ),Furuses.n (A).

AUSTRALIA ANDOCEANIA. AUSTRALIA. New South Wales: Woolloomooloo, 33°52 I

S,

151°13'E,6 Apr 1976,Coveny 7788 (A, RSA). Summer I lill i i . I' , a< ,J
J (WIS) Queensland:

Brisbane, Kingaroy, 1 5 Apr 1 947, Smith 3027 (A).

EUROPE.SWITZERLAND.Basel: Klein Riechen, 10 Sep 1932,Aellen s n. (WIS).SPAIN. Catalunya:

Barcelona, Can Tunis, 23 Sep 191 l,Sennen ! 89 (GH). ITALY. Prov.Modena: Formigine,Aemilia,22

Sep1917,F/or/&8egu/nof242S(BH,GH).Prov.Turin:LaMolineta,11 Sep ]852,PerrierdelaBathies.n.

(GH).ROMANIA.Mun.Bjch.reu:. i i i
'

i |, I ' ^4 (CM). Bucharest,

Campus of the University of Agronomic Sciences, 1 2 Sep 1 994, Costea s.n. (BUAG).

NORTHAMERICA. CANADA.Lambton Co.: Squirell Island, 2 On 1 95 /, C&L.O. Qeiser893 aSq

(WIS). UNITED STATES. ALABAMA.Dallas Co.: 5 mi E of Selma, 35 m, 23 Sep 1 965, Demaree 52967

(SMU, WIS). Lamar Co.: 7 mi N of Millport,26 Jul 1 987, Gasparini 156 (IBE). ARIZONA. Pinal Co.: San

Tan Village, near Sacaton, 29 Sep 1 925, Peebles et al. 1 60 (ARIZ). New Jersey. Copper Point, 6 Nov

1 932, Whitte s.n. (ARIZ). ARKANSAS.Benton Co.: Butler Creek bottoms, Sulphur Springs, 920 m, 2

Sep 1 966, Demaree 54209 (OKL,SMU,WIS).Crittenden Co.: WMemphis, 70 m, 1 6 Sep 1 969,Demoree

61082 (IBE, SMU). Lincoln Co.: iould I m 'ernaree 70227 (IBE). Montgomery Co.: top of Cristal

Mountain, 580 m, 24 N 1

r
l 10 (SMU WIS). Nevada Co.: Prescott, 300 m, 15 Aug

1 970, Demaree 6260t>
' L '.' Pulaski Co I I I

I
l

'
m

SMU). Saline Co.: Benton, 90 m, 1 9 Sep 1 965, Demaree 52912 (MSC, OKL, SMU, WIS). CALIFORNIA.

Los Angeles Co.: Bryant Ranch, 1 3 Sep 1 932, Wolf 52 15 (RSA). Riverside Co.: ranch near Tamecula,

27 Sep 1940, Stubblefield 402998 (RSA). San Francisco Co.: San Francisco, Embarcadero at Mont-

gomery Street, 22 Sep I %/'.
/ lowcll see. ( RSA, CAS, DAV). San I ranc isco, f oi t Point, 29 Sep 1 974, Norn's

256346 (RSA). Santa Barbara Co.: Santa Barbara, 7 Sep 1957, 2 Oct 1957, Pollard s.n. (CAS, SMU).



Ventura Co.: Venture Ki i
i o* In. 11 < i ii i pmuj 1 .

(

1 i o / 'i. (CAS). I lorn C anyon

Creek near Ojai Avenue,; Aug ]96Q, Pollard a.n. (I )AV). CONNECTICUT.Southington, 16 Sep 1904,

Andrews s.n. (BH). FLORIDA. Alachua Co.: uainesvilie, [ side o< SVV 1
/" Street, 20 Jul ]970, Perkins

663 (FLAS).W of Gainesville,! a. 1/; miWol I /5 on N side of M /o, I 7 Jul \990,Glliand 1 I (FLAS.NA).

Broward Co.: 2 mi Wof Coral Springs, 2 1 l-el ]Q/D,MlCu,i ! OS (R A Lee Co.: Western Sanibel

l5land,6 Dec 1 972, Brumbach 8126 (FLAS). Indian River Co.: Wof Wabasso Island, 7Aug 1 968, D'Arcy

2299 (FLAS).GEORGIA. Elbert Co.: VV of Fllvi tor., gaiden of stint Ik omb Church Road,23 Aug 1977,

Dunn 1243 (FLAS). Ogelthorpe Co.: Lexington, 79 Sep 1 965, Demaree V3018 (WIS). Illinois. Cham-
paign Co.: Urbana 2 O, t

'

1 - fill Union.. r >ug 1 959, Mac/Vfa/ion

//5(MIN). Randolph Co.: Old f iskaskia, kaska ki.i Island 1 Or I 1959 /worOtro (MIN). Madison

Co i olhn ilk >N> 1 / Ml I WIS) Jackson Co.: 7 1/7 mi of 'Carbondale, 19 Oct

1 985, Handel sn (

"
,) Iowa Johnson

Co.: Oxford Twp 8(1 II n ! \A 1 op DO',,/ nu r>() (lAl.lOnnN 1 Ohnston 70 Aug 1952, 4nder-

son s.n. (WIS). Linn Co.: i mo >n 1

]

t 1 » " '
i Muscatine Co.: near Fruitland,

25 Sep )909, Shimk s.n. (lA).Rne Mills, 78 Aug ]&)>,Rq W« s.n. (IA). INDIANA. Jackson Co.: near

Carbondale, 19 Oct Doo ,.•.;.
,

...
; . ss Ripley Co.: M !,.;

I ,uiqher> n ek,i of Friendship, 13 Oct

1934,Deam 55896 (MIN).Steuben Co.: E side of Dames I ake,70 Sep 19D1, Down / 5484 (MIN). Cloud

Co.: Concordia, between s 7. e streets 1 s, ,, ]o|n o
L ,,, , „ >,!,,

, ,|, tn i n Ju | 1 930, 8roofa / 445

(SMU) KANSAS. Riley Co Mmhatiun H A i ,Ot hum 2 , P lo, mo" - ,1 <) Saline Co.: Salina,

31 Aug 1930, Hanatu " il i i ! Ci
i

I
> I

L
i mkl l

, p]896,Blankinship

s.n. (ISC) MICHIGAN. LanaweeCo.: Hidden I ak< ,arden -tMndiigai tat- University, 15 Sep 1960,

freeman 18 (MSC). MISSISIPPI. Grenada Co.: 2.1 mi N of Gore Springs, 12 Aug 1986, Morris 2471

(IBE). Leflore Co.: 7 5 mi f J it ,im, ' ^ ml i i
i Jones Co.: 1 mi F of

Laurel, 29 Sep 19 7 8 \. • i M* n on > i [J i u n

Monroe Co.: Washington Co.:

JustNLeland,28Aug Cmm
,

,.i ,i kl I i Missouri I i n
,

CO3, Rose 15133 (US)

JacksonCo.:! )u 'JasperCo.: Palmer 4985 1 (UMO).

Lawrence Co.: S\ can >i i II i . pi mi ,o / I IMO). Lincoln Co.: N of Troy, 1 5 Sep

I St Lojis Co.: , jfford&Muehlenbach 17995 (CM);

s.l.,21 Aug 1949,5/i/nno om Mil ,MU MMNevada Clark Co.: 1 .5 mi S of Moapa,450 m.Niles

3100 (ARIZ) NORTHCAROLINA. Chemung Co.: I Imira, 7 I Sep 1 )1,s7i//i2Co (BH) Granville Co.:

Wilton,2Sep1937,Godfrey7/50(NA).lredellCo.:08mi A fj u tt then 7 b mi S,24 0ct 1958,

Ahles 51921 (FLAS). Orange Co.: Korstian Division,! of Route 1 717,401) m,72 Sep )988, Palmer 1333

(DUKE). Wake Co.: mh,iM k ml HMg. v the interseetion n| N< .0 and County Road 1900,

Wilbur 45364 (DUKE). Wilson Co.: State Road 1649, 3 mi S of I ucuma, 72 Oct 1991, Wilbur 60002

(DUKE). NEWYORK. Bronx Co.: NewYork, near the Rotaim al Gaiden,7l Oct 1986, Nee 33270 (CM,

WIS). Kings Co.: Long I ind" . p 1 'S »
^

I I k Tompkins Co.: ca. 2 mi S of Ithaca, 22

Sep 1 943, Schuster 87 ! (
I
)UKI ). I thac a, 1 Or. t 1 94 I , I harm '71 s (IA). Il ha. as , Oct 1 926, Bailey s.n. (BH).

10 Sep 191 7, So//e> wi F Hi • I P " III Ohio Portage Co.: Kent 20 Sep 1913

Hopkins s.n. (CM). Richland Co.: Man lu Id I An
i

IS" iD/Dns,
I I Ii OKLAHOMAKay Co.:

near Ton f i !
" ' .•.•, '.''

! o|i l Cleveland Co: si, .'
,

•; n "
. 1

"

,

/ 309 (OKL). Muskogee Co. i
i Ottawa Co.: Ottawa, 29

Aug 191 3, Stevens 2557 (MIN). PENNSYLVANIA. Allegheny Co.: 4km N. ofTarentum, 2 Sep 1990,

I

1 Re.iin Co I in i, ' I
• e .rfhs.n. (CM).near

Ceorgetown, along Ohio River shore, 1 Sep 1951, ileum i 15! 17 K MS. Bedford Co.: 1/2 mi S-SE

Hyndman, 300 m, 2 Sep 1940; Berkheimer 2212 (CM). Berks Co.: 1/2 mi S of Bethel, 1 10 m, 19 Sep

]948,Berkheimersn (IA) millloflui toun o i \ t P'm, /, , , 'on (CM). Butler Co.: Petersville, 23

Aug )922, Herbert & Graham s.n. (CM). Centre Co.: Oak I kill, Mill Pond, K) Sep 1939, Wahl 434 (BH).

Delaware Co.: Uppu Dark u mi Clmtu ti n k, t ui'ki lull ndiiidoO' 4icetBouk

inn ' ah Hunl n it. in
I

iwn: hip,



40°14'N,79
o45'W,27(Gn 1 CM).TENNESSEE. Davidson Co.: s.f. unknown

localtv cultivated ai Am !» iHkil« '

' : tWIS). Lake Co.: Near Markham, 15

Aam ShclbyCo. Oct 1952, Demaree

33 790 (GH). Washington Co.: Johnson Lit 1 ' i t nn« I 5 ( X t ]^94, Churchill 94P(h (MSt )

TEXAS. Brazos Co.: n SMU) Sunset Co.:

8 mi Tyler, 14 Oct G VIRGINIA. Bedford Co.: 15 Sep 1869, Curf/ss s.n. (GH).

Quantico 20 Aug 1 )1S i u> . Campbell Co.: i i r I Waterlik and Leesville

Rds.,26 Aug 1978, fur t
Mi

I I i

i
i I i h n ll te M3, 8 Oct 1978, van

Montfrans2 106 (FLAS).Giles Co.: New I >rt dm II \ug 195 G/s 1^38 (WIS). Wisconsin. Richland

Co.: 1 mi NE of Richland Center,20 Aug 1<V \ ' RockCo.: M terton,5 Sep 1952,

Sauerl597 (WIS). WASHINGTOND.C. 10 Sep GG> .Sfcc/, s.f? (DUKI i;s.L, 11 Aug 1 949, Freeman 4 1

7

MEXICOANDGREATERANTILLES.BERMUDA.St.George Island: South Road,31 Aug 191 3,

Collins 189 (GH); s.L, 1 Mar 1 908, Brown 538 (GH). MEXICO. Chiapas: Mpio. Pokolum, Tenejapa 1 600

m,Breedlove6091 (DS) . GJ • 1 -

' Chihudh \.uv. n I
:

I
it

deBatopilas,2100m, 10G t 1 I ill I n. I UP 30'W, 1800 m, 10 Sep

]987, Laferriere 545 (WIS). Hidalgo: Gu, I <n i

I it t i
U0()m4tl< I

u G Gimate 861 (ARIZ,

UMO,CAS).Distr. Federal - u
\

I u i n 1 n
f

i ., Jee5G980 (CM.WIS).

Jalisco: Guadalajara, Oct IP 1 -' " '" , H 1 Gn t
i G il una 20

r

43'N,103°24'W,

1700 m, 26 Sep 19G- i i - - I
I in In i 1 111 U W1 750-1800 m, 24

Sep 1 978, H.H. His etal 559 (WIS). Michoacan: N of Mason Nuevo, 7 GOm, 3 1 Jul 1 977, Bennett ef a/.

I I h n Di li It m i 1|) iim ii p-i Tt < tti G.
[

i I II' I
>i)i) in G. i I '

Lopez Lopez 5 (MO). Nuevo Leon: 3 i
' ut im Hi i i i H in i

'00 m 27 Jun 1939,

White 1592 (ARIZ). Oaxacd iG n II G I
i i, 'ill G

|

(GH).Puebla:Puebla,l an I h li ' u il ' Veracruz: Distr.Papautla,

Tajin, 3 Dec 1947, Cnn >
I Hi Mm il i|> i Ll i i«

i

J i| i
I

i mi il Garden, 19°30'30"N,

96
o
56'30"W,300 m, IP | I .

r
I

' I t un m I i ' I I 1 '23 Purpus 8870 (GH).

Mpio. Emiliano ZapUa.Rauan I- m Anlonio, 590 m Ion (G (Me G between Veracruz and

Villahermosa kmnniG, 1 m , _ n iOm M , ^>, Gn H of Coatepec, 19°29'N,

>,
r ^ lU'tm ill I I n h u G il n i ii

i 'in nd hlh ' ni 12

Aug 1 966,Martinez21 739 (DAV). BAHAMAS.Crooked Island: Landrail Landing,6 Jun 1 977, Corell '&

UBA i M) GUATEMALA.

Dep.AltaVerapaz: ,G mi ulti nditl'ii Gahh »inm I
MM Sauer 1109 (WIS).Dep.

Juatipa: GkmNoGIn n i
GUI d i .1

|
i P 1 1

'<
' m ~>7 30,31 Dec 1975,

lltisG-14 (WIS). Dep. Santa ho^.i ml, i Rosa mhi/siiI G, Heyde&Lux 4062 (GH). NICARAGUA.

Ocotecalzado,13G0'N l
',

I I
"i I mui,,,sr< vem eta/ 75589 (MO). COSTARICA. Prov.Cartago:

Cartago, 1400 m, No G- ;>. iH l G> Prov.San Jose: San Jose, 1 100 mjan 1896, Tanduz

9856 (GH). PANAMA.Chiriqui: viciniiv oi Roquete, 1000-1250 m, 12-1 5 Dec ]966
t
Lewis et al 594

(GH, NA, UC). Bambito, 1 400 m, 1 ? Mar 1 9/4, Tayson 7240 (US).

SOUTHAMERICACOLOMBIACauca: Cordillera Central, River Pah », between Tacueyo and La

Tolda, 1 780-1 900 m, 14 Dec 1 944, Cuatrecasas 19472 (GH). BRASIL: Bello Honzonte, 1 000 m, 5 Mar

GGS.lGGGnUUws nJh !
' Goias: Lot umba de Goias, 1 6G,49"W, 1 000 m. 3 Dec 1965, Irwinetal

70997 (RB). Parana: Par |h Hi >na le Iguacu, Picado do Benjamin, 40 m > May 1949, Duarte&

Pereira 1911 (RB). Rio Grande do Sul: Minas, 1 6 Apr 1 935, Hoffman 6 (RB). BOLIVIA. Yungas. 1 890,

Bang 231 (GH). Hacienda Simaco above the road to Tipuani, 1400 m, Jan 1920, Buchtien 5401 (GH).

3b. Amaranthus hybridus subsp. quitensis (Kunth) Costea & Carretero, comb.

156; ed 4UH. 1817. A. rnro/Jcvns 1 subsp. qiutcnsc, tKunih; O PMl,,,^ \ igo, Until. Inst.



Cotyledons lanceolate, 12 - 2-2.5 mm, with acute apex. Pollen grains 25-30 um
with 28-35 pores of 1.2-1.4 am in diameter. The pollen differs to subsp hybridus

by the tectum with high density of spmules. Uhg. 2, F). 2n= 32.

Weshare a different view from Coons (1975, 1978) over the boundaries of

this taxon. The tepals can be variable, erect to recurved as in other species (for

example Amaranlhus lot toflc:\its). More important arc the length and shape of

tepals. Therefore the type of this taxon is indeed Humboldt & Bo upland 3082

deposited in Paris (P).

The length ol braeteoles is variable in sub.sp quitensis too. Typically the

bracteoles are 1.5-2 times longer than the tepals. The plants from Galapagos

Islands have shorter bracts, 1-1.2 times longer than the tepals and also stand

a pan in thai their I lowers have le pals mid bracteoles with very large, rami lied

green mid-veins with very narrow membranous margins In the present account

we do not include A. hybridus var. sango niche (Coons 1975, 1978) within A.

hybridus subsp. quitensis more research being necessary in order toclarify the

stat us ol this taxon.

Distribution and dology. A native nverbank pioneer in tropical South

America, where it is a noxious weed, this plant is more dependent on a warm
climate than subsp. hxbndus. been though it was recorded in burope since the

19th century, as a casual in most countries, it is naturalised only in the Azores

and Balearic Islands (Aheroxxl 19931 It has also been collected in Australia.

Representative specin n iii SOUTHAMERICA. ECUADOR.Charles Island: Black Beach,

19 May 1932, Howell 9381 (CAS). Isabela Island: Taqu< i >. t Km 1, "'
< hI,ho<,<;& Heller 219 (GH).

Santa Cruz: alonipOMIi hMi Mti a
, h inm i n n 1 [ , II , in' ion m 24 Jan 1964, Wiggins

'S UA[( AM F« HaVisH ) rn ^ lin 1 >o n-,.e
I

\ ,,.i, m Pay Apr 1953, Bowman
46//0(CAS).E!Chato,3l lul !'),,(>,< «H,mui\ s.t>. (( AS).PERU.Dep.Caj.im,ir< r

36 km Wof Pucaia 5 ss^ o ]o W 1 inn n, 1" gn Uc-4 i - ' - CAS) Dep. Cusco: Prov.

Urubamba, 1/2 mi tot Umhamba, 8(10 m ,
" < l]C ni "oM< AS) Dep.Piura: 37,3 km of Pucara,

5°47'S, 79°27W, 1 550 m, Croat 58392 (CAS). BRASIL Estado do Rio Grande do Sul: Serra Geral, 1

7

Mar 1 983, SilveiroA f-rosi 544 (RR). BOLIVIA. Andres Ibanez: 1 2km E ol center of Santa Cruz, 1
7°46'

to 47', 63°04'W, 375 m, 4 Feb 1987, Nee 33988 (CM). Wside oM into m 1 17'S,63°40'W,420 m, 14

Jan 1987, Nee 35481 (in rlrn )t( Hno I 1 m r A ,r
in '.Man 1089, Wee37776 (WIS).

Santa Cruz: Prov. Cahalleio: 2km NVV nl Kin \m IsiHiu biitkjc in San Isidro, along to highway to

Comarapa, 18°02S 04 '
1 n ML ion -, t

[ , i L1M 550 m 25 Jun 1966

Steinbachsn (RSA) ca 21 km M .r r iln tr Ht I >i >t r
1*1 i

1 v , m 22 Jan 1989, Wee

37648 (WIS). Ichilo, Bueri.i itil 2 OSMO'W, 370 m, 7 Auo 1 9* V, i ,;o (CM). PARAGUAY.
Guaira: loioro ( itnin .1 il i 1 1

o
i , lO) Centra Forestier,

Pla.Stroessner-AltaP.inin ",0 m 1 Mi\ I

n
- URI CUAY. Dep. Montevideo:

Pocitos.Mar 1924,Herfer 6S/54 (MSC, WIS). ARGENTINA. Prov. Buenos Aires: La Belgica, 1 7°34'S,

f I W \ I I 1

1

i I 11 ,
| 1 J n



Prov. Catamarca:

Brizuela 759 (CM) Dep La Paz, El Belle f 1
11 I

> Brizi MICH Prov. Chaco: Dep San

Martin, La Leonor 2n-
" M " ' 'm " '" (GH). Prov. Formosa: Dep. Pilcomayo, Ruta 86 al

km 55, 9 Feb 1948, U -- '>
'

if Mi it h it r ito, 6 Oct 1947, Morel 3857 (US). S of

Laguna Primavera, 20 Dec 1949, Morel 91 W(CM). Prov. Misiones: Dep. San Pedro, Cataraguatay

(Centre) 11 May 194QAl(in[ l < « AS.WN Pavida Mulro3 , ,, , (

u (A),s
1

,17 Nov 1907,

Ekman 117, 7 78 (US, GH I
I i I m.I lulPM 1

* i A^ Prov. Salta: El Potrero, 30 Mar

1 950, Brizuela, 1099 (US). Dep. Boqueron, 68 km NE de Filadelfia, 1 Dec 1 992, Krapovickas et Cristobal

44281 (MO) Dep C in i I n III nl I I M Mi A ((. AS) Dep Rosario de la Frontera,

La Junta, 690 m, 29 Jan 1 935, Carbone 12700 (GH). Prov. Tucuman: I

Deirano 9666 (GH). Dep Rio Chico,Escaba, 600 m 5 Fjh l l
-

<
i m i Dep Sealesja Florida,

270m,Jun 1913, MoneW1 1659 (GH). CHILE: sfAngol u i .t in. II University, Jul-Aug 1937,

\h,» ,
nl)>'(/(j)(BH)

: "Habitat in Virginia";

ilorostachys Willd. van ervtlimslacfm iMoqJ Acllcn. Uegi. Illustr. Fl. Mittel.-eur.

,1:482. 1959. A. hxhndus L. subsp. livl»n,b^ \ar. ,m vili ro.sunAvs Moq, DC. Prodr.

849. A. hvhrulus ! .. var. liv/wli.Wn.« us t I ..) kobiiiMin. Rluxlora 10:32. 1908. A.

umentaceus Buch Hamilt rs K«a1. I I ln<l >ol '. IK'.'

Like A. cruentus, but inflorescence usually stiff, with thick branches. Cotyle-

dons as in A. cruentus but larger, 18 x 5 mm. Bracteoles 3-5 mmlong, about 1.5

mmlonger (sometimes 2 times longer) than the tepals. Tepals 5, one equal to or

longer than the fruit, the others 4 shorter, lanceolate, with the mid-vein brown-

reddish. Fruit circumscissile, tapering gradually toward the stigma region, 1.5-

2 mmlong, about 2 times longer than wide, with the dehiscence line in the

upper half. Stigma branches thick, spreading, about 1.6-1.8 mmlong and 0.6-

0.8 mmwide at the base. Type of pericarp surface vai iable: A to B. All the other

morphological chat, i' tcristi' of the fruits and dark seeds correspond to those

of A. powellii. The pale seeds are very much like those described for A. caudatus,

differing in having the cells of the exotesta inconspicuous (because their anti-

clinal walls are inconspicuous) and the periclinal walls evidently wrinkled.

Pollen grains of 18-23 urn, with 32-45 pores of 1.3-1.5 urn in diameter. Density

of granules medium. 2n = 32, 34.

Distribution and ecology— This species is originally from North America,

where its closest wild i lativ< \.powtilii\ common, .though at thesame timeit

is evidently related to the cultivated A. cruentus. Sauer (1993) suggests that it is

probable that it is of hybrid origin from those two taxa. This relationship is also

supported by some molecular studies (Transue et al. 1994; Kirkpatrik 1995; Chan





&Sun 1997). Like A.aticntus, it iscultivatecl as an ornamental, for grain and as

a potherb.

Representative specimens examined: AFRICA. KENYA. Nairobi Distr.: Nairobi, Ministry of Works

Estate, WBahati, 1678 m, 12 Feb ]969, Mwangangi 1331 (MO).

ASIA. PAKISTAN. Baltistatan: ,

.

> ,- NA) Swat Distr.:

Fatehpur, 1270m, 17 Oct ]975,Sh, INDI/

Pennsylvania 12 Sep P-4 o Inlur I i ir 1 %3, Noble i M (NA,

WIS).Kasalhado, 14U b H , iD I I
I 4 il ,1 i f 1 I i a ID 1

1 in 14 Feb 1963, Noble U
(WIS).NorthernThun. n 1 ",.,„ -| u || , ,

e VISi s MOAug 1964, Sauer3952, 3942c (NA,

WS)Jammuand Kashmir t i
,

it I .
.p1'- ( Du i ) NA,WIS).Tangmarg,

1900m,16Aug19S(>,D. )( >n ,, ^nn
i

I

> imhilli P< ,iti loom I Aug 1956, Polunin W
6/7(MO,WIS,NA).nearMmg md14 n 1 ; II Ipper Nilgiri Hills.Kil-

Kotagart, 1800 m, 18
l

^f 1" >
I m

i
ii I Julhk ,t c Inn i 400 m, Polunin 56/759

(MO, NA). Tamil Nadu: ne h non< t I
I n I

" - b (NA, WIS). Madt Kutiitnl ill
i

1370 m, 18 Nov 1962, 16 Do, l^o i In |

' VIM sr I uiumba, 6 Oct 1964, Sauer

3949b (MO, WIS, NA), s
I

Nn I". 4 „ lt < ">P "Wo i WIS, NA, MO). Uttar Pradesh: s.f. Mussorie,

collected by Lal (1961), culti ,Hed in fk . York, Ithaca Aug-No I
"i " Saner 2845 (BH, NA, WIS).

NEPAL:s.f.MarkuValley,Sirsagarhi,10Nov1950culti i, I SRI LANKA. Distr.North

Central Province: Anurahdapura, 60-61 mi from Kandy on the road to Jaffna South Kagama, 24

Feb 1973, Townsend 73/11 7 (US). Central Province: Matale Distt 'ion > D , 1 I f '

i

Townsend 73/205(US). CHINA. Prov.Heilongjiang: Ping Shan,45 5 'N 1
I 23'E, 370m, 2 Sep 1993,

NACPEC,HLJ-37 (NA). Border between Prov. Hopeh and Honan, Chicungshan, 400-900 m, 1 8 Jun

Mowhsien, 2000 m, 10 Nov 1950, Sauer 1499-F, 1484-D (GH). Yunnan: Dull, Wachin. ' _nao..,i,. 44 in

m/'side of field," 1 937, Yu 14481, 14482 (A). Ho-pei: Near Chou Cheng, 26 Sep 1 948, Beach 238 (US).

EUROPE.NORWAY.Oslo: Oslo, s.f. Botanical Garden, University Norway, 3 Sep 1 940,Gillett40-

5-2 (NA)SWEDEN. Stockholm: 4c4l, n, tl l„ 4 n H I t D It, ,<ant225 (WIS). ITALY.

FriuliVenezia-Giulia: I lii< k> i il Garden iHnsliluloTecnu o iru.m rant 426 (NA). FRANCE.

Doubs:Be ancon <
I I mi i I t M i a n ill 'I A> Loire-Atlantique:

s.f. Botanical Garden N4. mlin t Ihu i, , I HOLLAND.Noord-

Holland: Amsterdam, s.f. Botanical Garden of Amsterdam, Grant 131 (WIS). GERMANY.Nordrhein

Westfalen: Bonn I I
t

i 1 .
t

t

L
it I AUSTRIA Burgenland:

Pamhagen, Aug 1 954, Patzak s.n. (DAV). RUSSIA, s.f. unknown locality grown in Ithaca, NewYork, 3

1

Jul1936,Muen5c/7efs.n.(BH).ROMANIA.CIujCo.:s.f.C4uj,cultivatedatltlu(a,NewYork,19Jul1970,

Dress 9943 (BH).Mehedinti Co.: Orsova,ruderal,9Jul 1966,Morar/us.n (BUCA). LITHUANIA. Neman:

s.f. Kaunas, cultivat d, IRAN: . wn locality culti-

vated at Glenn Dale, Maryland, I I Aug 1 939, ( owgill 2355 (BH).

NORTHAMERICA. CANADA.ONTARIO: Ottawa, cultivated at Dominion Botanical Garden,

29 Aug 1 939, Lawrence 682 (BH). UNITED STATES. CALIFORNIA. San Bernardino Co.: San Bernar

dino Valley, 300 m I i I Yolo Co ih.< campus, 10 Aug 1978,

Keliner s.n. (DAV). FLORIDA. Citrus Co.: Inverness, 3385 South Highlands, 20 Jul 1 989, Johnston s.n.

(FLAS) KANSAS. Washington Co.: SE cornet of the County, 1 Od 1" 4 kMmans.n (KSC).MICHI-

GAN. Gratiot Co.: Alma |'l
r

(HH). MINNESOTA. Dakota Co.: Inner Grove, ruderal,

14 Sep 1 930, Jones 513 (MIN). MISSOURI. Jakson Co.: Independence, 2 Sep 1 895, Mackenzie 21 1 1

1

(MIN, ISC). NEBRASKA.Adams Co.: Hastings, 20 Oct 1934, Rose de I una W0 (CM). NEWYORK.

Onondaga Co.: Syra< us< Ei >rm i of Onondaga Pake, 21 Aug 1916, Wiegand 6396 (MO, GH).

Tompkins Co.: Ithaca, "weed in garden," 14 Aug 1 l l

l

I Inderal, 24 Aug 1925

Muenschers.n. (BH) < md- , . ,,||< ,|> >f Nik uIuiih md nl I 2 .pi'" ' nham / 5065 (BH).PENN-

SYLVANIA. Dane Co.: i (



(( Ml tou torn i) lul I
i WLuiN_«IN Rock to I 1

in
I

Ihnnvyn. (WIS). Oneida Co.: Minoqua (ruclor.il), 34 Sep \^] ,1 hunngton 36(W\S).

MEXICO. Chihuahua: Rio Miu> Gin m ni . OS, p I
> S S, ,,tt l, i<!'\ 1844 (NA).s.f.Rancho

Tigre, 17 Oct 194; >.- Cohma: 1 .-7, Palmer 120 (DS).

Distr. Federal: 5 f M|>m »il i| ni in Gi ill (MO,t.,H, NA,WIS); yl.,31

Oct 1 948, Sauer 171! (GH,MO,NA,WIS);s.l., U l.in l949,V;w<</ /GfM (MO.GI I, NA, WIS). Guerrero: s.f.

Chilapa, 20 Aug 1948-21 Jan 1 949, Sauei I io7 I (MO. Ll I, NA, WIS), Pemex N of Chilpancingo,

"ruderal/20 Aug 1972, L mi .-
.

-• Jalisco: : niu . Aug 1947, Sauer / 174 (BH,

GH, MO, NA, WIS). Mexico: remas< altepec do ooncalesjimhies, 1660 m, 1 5 Oct 1 932, H/nfon 2/37

(MO).Mpio.Michoacan:Zacapan \ugl<>4 -i < illltJ i

, ipu,3 \ug 1947, Sauc/ /395

(DS, MO, NA.WIS) Op >p ism hi II Oaxaca: Clavillones in Zimatlan area, 30

Oct 1948,Souer/266(MO,NA,VVls).Puebla:s,in hiommolcix ui/malco,31 Oct 1 948,Sauer 1239 (NA,

WIS).Sonora:RioMa\.> ils it. d i ,ep l < ,

••
• <:

, ,h hn ' i u ,, Ranchoel Moschite,

11 Oct 1979,Wc7b/], Tlaxaca i erabe Amaxac, 5 Oct 1949, Sauer 1535 (GH, MO,

UC, NA, WIS). San Miguel del Milagro, 30 Oi t I'M 1
), Sauei, 1788, 1793, 1777, 1 139 (GH, MO, NA, WIS).

Veracruz: between Tequila and Oi i/aba, 1
5"4 VN, *

'

'" WV, 1 >M H ) m, Jan 1 9M,li Ra,z& K. Benz 980 (WIS).

5. Amaranthus powellii S.Wats, Proc Amer Acad Arts. 10:347. 1875. Typc De-

Erect annual 0.5 1. 5( m with stem glabrous to pubci ulcni mostly in the in-

i lorcscencc region, wii h trie hoi ncs multicellular and uniscriatc. Cotyledons

narrow-elliptic, 10-12 x 3 mm, with acute to rounded apex and acute to cu-

neatc base; petiole about 5-6 mmIonic Leaves, broadly-elliptic to rhombic or

lanceolate, 3-8 3-D cm. Lracteoles i igid. heave T .5-D1-8) mmlong, about 2-

31-4) times longer than the tepals. Tepals 3-5, evidently tmequal; one tepal is

2.2-3 mmlong, the others 1.2-1.6 mmlong, linear-lanceolate 10 elliptic with

the mid-veins inconspicuous (.only m I he longesi tepal may be partially vis-

ible). The longer (outer) lepal surpassing the I nut. the shorter (inner) tepals

shorter than Cor as long as) the fruit, bruit dehiscent or indehtscent, elliptical to

obovoidal, 1.5-2 times longer than wide, when dehiscent with the dehiscence

line in the upper hall giadually narrowed lovvard the stigma region, the apex

ol the fruit truncated Stigma branches thick, spreading bom the base, 1.9-2.2

mmlong and 0.08-0.1 mmthickat the base. Seeds lenticulapdifferentiated into

central zone and marginal zones. Colour black lo dark brown, uniform. Pollen

grains 18-23 urn with 30 45 pores o\' 1.1-1.3 urn in diameter Density ol gran-

ules low to medium.

Sauer (1967) and afterward other authorslJalas&Suommen 1980; Carretero

1985, 1990; Akeroyd 1993 etc.) considered the "European" taxon A. bouchoniU to

be conspecific with A powellii on the basis of their similarity. The study of

isozymes (Wilkin 19D2)iailcd toestabhsh satisfactorily thedisttnctnessof these

twotaxa, but the author maintained A. houchouifM the specific level. The same

option was followed by Cacciato (1982), Llugm (1980, 1987), Kerguelen (1993),

Stace 11991, 1997).

Studvmg Luropean plants we found the mdehiscent character of the fruit



to be constant. For example. Ruropean plants of A. bouchonii cultivated (or eight

years in the vicinity oi' A. powellii. A. hybrid us and A. ret wflexus, in the Botani-

cal Garden of the Univei it\' ol \groriorm< 1 cienci Bucharest, maintained

their character. Greizerstem and Poggio (1992); < »n i; i i stein et al. 1997) found

differencies in chromosome number, chromosomal asym rnetry and total DNA
that supports A. bouchonii as an independent taxon. There is also a tendency

toward ecological paratton ol the two varum in Ian p< A bouchonii popu-

lations occur prima i il\ along 1
i i embanks a . pi one* i ; while A powellii is a rud-

eral or segetal weed.

Based on our observations, in North America, plants with indehiscent fruits

are more variable than in Europe. Someof them could be easily associated with

A. powellii but othei with Uivl'nhi In both (ton ih un pi nit mas

bear only indehiscent fruit (
|

ill\ 'pin Uii)o\ mi lu oi' cit umsci

sile iregularh dehiscent mcl indehiscent fruit l< |'.)eci lly A. hybridus-like

plants). Sometimes the dehiscence line is partially visible but the fruit does not

open. The phenotuc n< p o< < m natunalb It i po ibl that the process of evo-

lution of this taxon i taking place imu'itancousl in Vmenca and Europe, and

that in Europe the \ un ti v itli iim hm< ntliun h\ pni.ilnim tihil

lty and consistency. It is also probable that the European A. bouchonii forms

have reached America.

After close morphological and anatomical examination we found some new

characters that, together with the previous data, suggest the subspecies rank

lor the plants with indehiscent limit.

branches. Fruit c n« urn i 'I- firm l>iinith j n ul< un nihil in i
Mi > I ih<i ,

ill) rb
i

n i-| nit k< r\ (x A I M '
i I ii

midway through the seeds, with the marginal zone almost

ith the marginal zone evidently sculptured A.powellnsub

bouchonii (Figs. 1 E,F; 2 B

powellii subsp. powellii (Fig. 6).

mi-mr/ivs W'illu. vur. pvudo-ict ivj U'xtr, llihh Vicryl \,\h rssch Naturl.G

h>. 1Q07. Amaranthus hybridus I., subsp hypoLhondriacus U.J Thell. v





AmLUdnlhushypodwnJridtUs\\\r.chloivslachx>*n^u Morariu. hi. R.P.R. l:58o. 1^1

Inflorescence stiff, erect, ± unbrancheci or wii.li a few widely spaced, long

branches; the term in il branch* are usually much Ion h mthe lateral ones

Bracteoles usually 2-3 times longer than the tepals. Fruit 2 times longer than

wide, coarsely wrinkled above the dehiscence 1 i nc. Pericarp surface type A (Fig.

1 A). Seeds elliptic to obovate, 1.25-1.3 x 1-1.1 mm, the marginal zone almost

smooth. Cells of the exoresta with inconspicuous a n ticl i nal and almost smooth,

plane penclinal walls (Fig. 2, A, C); border of the seed acute. 2n = 32, 34.

Distribution end ccolol v.- Worldwide v\ ed nattu to North and South

America. In Europe it is a vet \ \
i que it t udi i I uid < ji tal weed frequently

mistakenly called 4 ( liln/.Miii rn . A /i\/u uius oi A /ivnochondnacus."

Representative specimens examined: AFRICA. ETHIOPIA. Shewa: Addis Ababa, near University

College, 2300 m, 13 Dec l

(

n 14 '« Uiyties 9235 (MO). Alnn.iy.i, ( ollege of Agriculture, 2050 m,

9

pr |
il m (i UGAKU/v "dm \ i n '

'

1 900 m, 1 6 Dec 1 9 < ' A N/AN I \ li ir 1

1

ASIA. PAKISTAN. Kurram Valley Distr.: Makai to Parachinar, 1 700 m, 1 5 Oct 1 975,Dar&al. 77

(A).INDIA Jammuand Kashmir: Upper Nilgiri Hi Is 1 m iun
1

» oblesn (\N\S).

AUSTRALIAANDOCEANIA. AUSTRALIA. Nc ill . il 1
' ir c^0 Michael M6 (WIS).

NEWZEALAND. Waitemata Co.: Marangi Bay, 36°44'S, 1 74°45'E, 30 Mar 1 974, Bangerter 5 I 57 (NA).

NORTHAMERICA. CANADA.Lambton Co.: Fm< 1 Ml" i m 7
4 F (WIS). UNITED

STATES. ARIZONA. Cochise Co.:Chirk.ihua Mountains, W'.itl.-ol mountain, on road to Chiricahua

National Monument, 2150 m, 14 Oct 1943, Kearney & Pn '(>m IM 19 (CAS). Coconino Co.: Home-

stead Flag taff,2100m U \n , | t » nm, r od471 (ARI7) CALIFORNIA. Alpine Co.: Markleeville,

1800m, 10 Aug 1964, Howell 40910 (CAS). Inyo Co.: whit U, m, ,n ii
I pe Springs, 1800 m, 22

Aug 1985, Moretield M InssenCo null i u II I
1 m 8,9 Jul 1974, Howell

50500 (CAS). Monterey Co 1 '63, Howell 40067

(CAS) San Joaquin Co.: Santa Barbara Co.: San

Antonio Road near Holn im I u.jl l

"
fl <u (< AS) Santa Clara Co.: San Francisco

Creek,29Jul19 > ' SonomaCo.: i- on.. T ' ibtzoff734 (CAS).

Ventura Co.: Ojai Valley, Lama Drive, 8 Nov. 1 967, Pollard n. (CAS UN Ojai.Ojai Avenue, between

Gorham Road and San ni in i I i> ing, 1 Oct 196b, Polk.ua n. (CA ) along Front Street, 5

Oct 1960, Pollard sn (( 'in Mil ill"'. , ,/,,>/ n (t AS) Southern Pacific Road, near San

Inni in m t ms in i |

1 w t a . linn ille 1 9 Oct 1962, Po//a re/ s.n. (CAS). Yolo

Co.:

McKinleyCo- ' COLORADO.Adams Co.: Ben

nett, Kiowa Creek at rout- hud ,.
|

]
<~4

i nti' hih n (MSC) Mineral Co.: Don Juan Moun-

tains^ mi bellow the summit II reekl !600 m, 28 Jul 1928, Wolf3074 (CAS, DS.BH). IDAHO.

Blaine Co.: I I
ti 2814 (US). Spencer, 26 Jun 1916, Rust 420 (CAS).

NezPercesCo.:Forest,17JuN896,1100m,AAfMc/:;/ « I, r, 'Ml i
i IOWAPalo Alto Co.:

Lost Island Lake, 17 Jul 1934 WaHayden4006 (I A). MASSACHUSETTS.Hampshire Co.: Haydenville,

•,.! M 'i '
' Bristol Co.: i I -

• "042 (WIS). Worces-

ter Co.: Lancaster 1.",
,

1 M <
-> ou> nOOn < .visi Mm t, i Aug 1 944, Gates s.n. (WIS). MICHI-

GAN. Grawford Co.: 1 mi N of Seven Mile Road and 4 mi Wof Beaver Creek Road, 14 Sep. 1992,



' AlleqonCo. I I II i I I I
|

<

'

i I . |. I
. //A . (M )

Shiawassee Co.: 1 2458 Wai nor Rdbaingsbuig 1 Aug 1984 Hat wood ',5S445 (MSC). Mecosta Co.:

along Mi< InganN nth. in I nlr n A i I- 1
1 r t -I < nu i t lbg< tin >od 29 Aug 1984, Rabeler

832 (DUKE,MSQ. MINNESOTA.Freeborn Co.:
-

II'. M il-
|

< --\ o495(MIN).Heunepin

Co.:Mmn. igoh |i
i I H in in t mi i i i i' n i I [

''
'»i v 4398 (MIN). Mower

Co.: Brownsdale >< \
I Washington Co.: along the street Criox River, 26

MISSOURI. Jasper Co.: neai Joplin, 1 / Aug 1 920, Palmer 18754 (UMO).

St. Louis, 7 Apr. 1958, AbabAA/cd Mi'dUMO) I i kin A 1 Vine, /An/xnA 3587 (MO, NA). NE-

VADA. S of Carlin, 26 Aug 1984, W/7Aj/m ! ,' UC AS) Lander Co houl Creek, 16 Aug 1937,

Sepl . NEWMEXICO Dona Ann* o 00 m, 23 Sep 1906,

Woofon & SfanA. , Grant Co.: i :
' H) Valencia Co.: El

Morro National Monuni. nt I ^ug M,u i,, <( ,)
( ARIZ) NEWYORK. Chemung Co.: Elmira, 20 Sep

1941,Sm/f/)2303,2304(BH).MadisonCo.:Ai hi ^ . .jA < "A (BH) Tompkins Co.:

South Hill, Ithaca, 23 Aug 1 933, Allen A A. (LA). OREGON.Benton Co.: (without location) 1908,

G//fcey s.n. (US). Polk Co.: along Hwy. 90 W.Nulllnllinan toad, 16 Jul 198.', Hasse2513 (ARIZ). PENN-
SYLVANIA. Bedford Co.: < olotaine iownship s, hool,!Auu.A An, , Sep 1 972, Duppsfadf s.n. (MIN).

iiiii'.sn! ,1 .oba-. w i. f

i Berks Co.: nnUI t town, 6 Oct 1986, Nee

13265 (CM). 1 12 mi NL of liexlei, 1 8 Aug 1 95 y s< bio/A' 44"/ / (US). Lawrence Co.: 0.25 mi SE of New
Bedford along Marr ho )d .

,

1" >
.

'
.

,- A > RHODEISLAND. New Port Co.:

Block Island.OldHaiho, l- A ,, 1 ib '-"),- ,o <a ,
"),.< ^H) TEXAS. Brewster Co.: Chisos Mts.,4

Aug 1 93 1 , Mueller 798b (US). UTAH. Iron Co.: Cedar City, 1 900 m, 1 5 Sep 1 968, Howell & True 45349

(CAS) Salt Lake Co.: alt I uA ut\A<5 Aug I
» 11 i \A is i \ I

i A m hei 15913 (BH). WIS-

CONSIN. Columbia Co.: 1 mi Wat Hwy 5 1 , 37 and 60 intersection, 33 Sop 1 964, Weis 30 (WIS). 1 mi

SWofColumbus Id ,.p I

i
t litis > , \l i DaneLo b li n ( b t 1 949, Bergseng s.n.

(WIS). Green Co.: road id. in luola >u
, P (

' -g,
i

| Jefferson Co.: 1.5 mi NE of Fort

Atkinson,6 Sep 1981 fU .% ,ukv> _«
I

I

i 15 Aug 193Q 20 Aug

1939,5/i/nners 983, 985 (MIL, WIS). Lincoln Co.: Near Round I ake,99 Aug 1955, Seymour 16239 (WIS).

Ozaukee Co.: Crafton - nb ' .
(

, Portage Ci
i h

Maur/Yz 867 (WIS). WYOMING.Goshen Co.: Southern o aA. i I i La m b Plains: Goshen Hole,

BumpSullivan Reservoir i bin t b.il > n ml 1 , • / . A (UTEP). Laramie Co.:

nearH Isdale, 1 n , , i Yakima Co.: i h.o

MEXICO. Baja California: Rio Sanlo I HimingoA mi above Mission, 13 Sep 1930, Wiggins &
Demaree 4 789 (Al Chih i n .i

tolibbdCiMMbm. i
l Ibl ini ' iMl) '2.1 i a '.'

( 546 (ARIZ). Hidalgo:

near Tolcayuca 2^50 iiiLmi ,i . I n t . m,
il i b.) m 28 Sep 1975, Ventura

339 (UMO). Michoacan I mi tllibb lull 1 s j, b
| mi N on road to La Baica,

2 EITigre, 18-24 A

SOUTHAMERICA. PERU. Dep. Arequipa: Prov. Caraveli, 20 Km N of Puerto Chala, 15

V^'HHIIti i Mh > i < it I <\\l ) Dep.Lima:Piov.llu.iiochiri,Surco,2000n

Apr 1 940,/b,ib/b //U2', (US). BOLIVIA. Dep.Chuquisaca: Prov.Oropcva, Villa Maria, 1 2 Apr 1 96

I
.'.•: inlet, i

•' CHILE. Prov.Cautin: b a .' 0i Mai ' Wontero '

>h \m.u mttms i«.iv^tln g p. bout honii ( Tbcll i mi AarreteiTbCOrnb. l

(Fig. 7). Bamomm .Ammon A.s Ah, ban bl hell, in Monde PL 27 UoOH. 1920 A Jivb

1. Milisp hnuhom n'\ helbOliolosMYig,, ,n hud LiM.Caialana I list Nai ',8.894973.3 dv/x

I., var. boutlnmii ( I hell) 1 ambinon ( andollea, 52:239-279 1997 13 im : Bordeaux, Alio,

Lout. mi ( lu-iii i il remhlavoavet des balavuiv:-,



/';' subsp. bouchonii, from Carraway and Vertes 8 (UTEP).



Inflorescence often not strictly erect, more lax with many lateral branches.

Bracteoles shorter and thinnci ami pared rosubsp./xnvr/ Hi, 1.8-2.3 times longer

than the tepals. Fruit indehiscent, about 1.5 times longer than wide, with the

pericarp ± smooth. Pericarp surface type B toC Udg. 1, F, F). Seeds usually broad-

ovate to round (rare obovate), 0.9 x 1-1.2 mm, with the marginal zone sculp-

tured and the margin of the seed usually rounded (Fig. 2 D). Cells of exotesta

with prominent anticlinal walls, polygonal, 25-30 urn length; penclmal walls

plane, finely sculptured. The origin unknown with certitude but relationship

with A.powellu subsp. powcUii undeniable. 2n = 32.

Typical specimens examined: EUROPE.NETHERLANDS.Prov. Noord-Holland: Beverwijk, 23 Aug
\W\Akkermans.n. (UTEP). FRANCE.Puy-de Dome: Clermont I n.incl, unknown author, Sep 1960
(MSC,SMU).Gironde:Ron)(Mux, lul CH,(k/\r//enyR(A). SWITZERLAND. Haut-Rhin: Sundhoffen,9

I

I ' TA1> L. nlnsrdy ,,
.-

: , ,w ,i fEP)

NORTHAMERICA. UNITED STATES. CALIFORNIA Los Angeles Co.: Arcadia,Winie Wayand
Santa Anita, 24 Mi\ I . ' Fresno Cm.- ii,,u,|i

, l(
| , |

,

,

3Augl951,Po//or„ PlumasCo Riverside

Co.:Riverside,Sonde/ i
'

l
'

I '. Ventura Co.: i< i , i.i, Mucins, 1 mi SEofCamanllor,

200m, 19 Sep 1958 .,.... ,... v, ORLGON.Benton Co.:4.5 mi N of Corvalis on
Hiuhl indL'n e t Aug C< u -, ,, ,

- ' Iff i Ini 1 it, I )(l d A Oct 1959, Johnson

-
'

Hood River Co MONTANALake Co.: in the vicinity of

Montana Biological Station, Yellow Ray, I shore of Flathead
I ake, S'SO m, 5 Aug 1965, Thomas s.n.

(LIS). PENNSYLVANIA. Bucks Co.: Wesi Bristol, along Pond Sti.vl, 20 lul 1950, Long 71/68 (CM).

Thurston Co.: S nu Wof Mlunpii I', An,| 1" , 0, M WASHINGTON.Whatcom Co.:

Lynden,21 Aug 1Q3W \i„„
i i (HMuiMik 1 Ci

(
I O den ',< lt,W4 (BH). King Co.:

Seattle, on the Univeisitv of VVaskniuHon campus,
I

7 Sep 196/, S/m/non 2/0 (US).

6. Amaranthus retroflexus L, Sp. PI. 991. 1753. Tvitl labitat in Pcnsylvania"; LINN 1117/22.

Annual with erect stem, up to 1.51.-2) m. Cotyledons lorate (.oblong, ratio 6:1, see

Hickey 1978) 13 x 2-2.5 mm, with acute apex and euneare base; petiole 5-6 mm
long. Plant scurl'y-villous in and for some distance below the inflorescence, both
multiseriate and umseriate triehomes present. Leaves ovate or rhombic-ovate,
3-7 x 2-4 cm, usually coarsely pubescent beneath, at least along the veins. In-

florescence usually with many short, thick and crowded branches, the termi-

nal part about as long as the laterals. Bracteoles (2.5-)4-6(-8) mm, 1-3 times
longer than the tepals. Tepals 5, ± outcurved 2.5-3 mmlong, linear-cuneate to

spathulate, rounded, truncate or emarginate, usually mucronate at the tip, of-

ten with inconspicuous or pale mid-veins. The tepals much longer than the

fruit. Fruit circumscissile, about 2 times longer than wide, obovoid, gradually
narrowed toward the stigma region. Dehiscence line in the upper part of the
fruit, coarsely wrinkled above the dehiscence line. Type ol pericarp surface vari-

able, A to B (Fig. 1 B). Seeds obovate 1.1-1.25 x 0.8-0.9 mm, lenticular. Between
the hilum and the radicle a furrow extends almost to the middle of the seed.

The seeds are differentiated into a central, smooth zone and a marginal, sculp-



tured zone. Color dark-brown to black, uniform. Pollen grains 20-27 jum, with

30-42 pores of 1.1-1.4 um in diameter. Density of granules high. 2n = 34.

Usually A. retroflexus offers no identification problems, yet we have en-

countered interesting sp,unni] , -di, i nm th < h n v n 1
1

,iks ol A. retroflexus

and A. powellii, but somehow different from both. These plants seem to belong

to a distinct type that occurs in the dry mountains of Arizona and southern

California. They resemble Amaranthus x tucsonensis recently described by

Henrickson (1999) from Arizona. Henrickson suggests only one of the parents-

A. hybridus. In our opinion, based on the description and illustration, the flow-

ers are closer to A. retroflexus var. delilei (Richt. & Lor.) Thell. but the general

habit indicates A. powellii. Unfortunately, we could not examine neither the type

nor the specimens cited in the study The plants we examined are fertile, sug-

gesting that the\ an tioi H h\ hud idtiifth ii ''i li will be necessary to

clarify if they are only a variety of A. retro] U vhsui ' .ululo d hybrid. Examples:

ARIZONA. Apache Co.: White Mountains, 1 mi S of McKays Peak, 2270 m, 3 1 Aug 1 948, Gould &

Robinson 4998 (ARIZ). Navajo Co.: Pinaleno Mountains, West Peak,2600 m, 1 2 Sep 1 989, McLaughlin

5809 (ARIZ); s.L, 2660 m, 6 Sep 1 944, Darrowetal. 1 1 79 (SMU). Snow Flat, 2600 m,6 Sep 1 944, Darrow

etal. 1 178 (SMU). N of Grasshopper Ruin, 28 Aug 1971, 1800 m.Bohrer 1496 (ARIZ). Gila Co.: Sierra

Ancha Wilderness Area, 2000 m, 21 Sep 1 991, lm~dorf271 (ARIZ) CALIFORNIA. San Bernardino Co.:

San Bernardino Mountains, 1 1 6°55'W, 34°1 1 .25N, 1 590 m, 1 8 Sep 1 994, Sanders 15690 (UCR, ARIZ).

NWShore of Baldwin Lake, 1 1 6°49.1 1 W, 36°1 6.53N, 2043 m, Sanders & Helmkamp 1 9489 (UCR).

Distribution and Ecology. -This plant is a native of North America, but has be-

come a cosmopolitan weed.

APPENDIX 1

Representative accessions cultivated in Rodale Germplasm, Ames, Iowa be-

USA. AMES51 25, 51 27, 21 91, 221 2, 221 3. PERU. PI 490437, PI 490438, PI 490439, PI 490440. INDIA. PI

1661 07, PI 175039, PI 166045, PI 480576. NEPAL. AMES2079, 21 65,21 68, 21 69,21 82, 21 90, PI 427224,

PI 427225, PI 427228.

Amaranthus cruentus

CANADA.(Montreal) AMES5327.USA. AMES2264,321 6;California,San Rafael, AMES5165. MEXICO.

Chapingo, Inia, AMES5548; Puebla, AMES5638, 5640; Sonora, San Bernardo, AMES5320. GUATE-

MALA. Choatal urn, AMES52 7 1,5275; San Pedro Corcha, AMES5269; Aldea Choatalum, AMES5272,

5273, 5276, 5277 (type 2); Chimaltenango, AMES5330; Guatemala City, AMES5278, 5279 (type 1 );

Coban,AMES5270 5^ > | him ih iiikj in M lin/f E i 1 433228,PI 490658,

PI 451825, PI 451826; AMES5676; PERU. Ayacucho, AMES5346. PORTUGALEvora, AMES5649.

CHINA. AMES1981, 2016, 5313, 5327. INDIA. R-129 A-2250, Spjut 8809; PI 288278, PI 274280, PI

288281 ; AMES2037, 2228; Coimbatore, AMES 1 977, 5386. NEPAL. PI 490656; Pokhara, AMES2089,

2092; Chauri Jari, AMES2061 , 2089. MALYSIA. AMES2054. TAIWAN, AMES1 991 , 1 992, 2201
.
INDO-

NESIA. ' ETHIOPIA. AMES2003. ZAMBIA. PI 494768, PI 494769. GHANA.



AMES 1' 1(1 An I ,
i ii II I

' BENIN l

5108.NIGERIA.AMEMO w »< ) ' > TANZANIA \f I 19 M 2004 ZAIRE. North

Shaba Province, AMES5369.DAHOMEY. AMES1M>1 Pun- I u d 2 ORIGIN UNKNOWN.
AMI S 1 983, 708

1 , 208/, S IS 1 , 3 AH, S3&2, 5384, 5686.

Amaranthus hypochondriacus

USA.AMES2211 30 " i - M to I « nn J inn Ml 1 Mil mi \ I una K 254; PI 47791 7.

MEXICO. Tulyehualco, AMI ; ".nil M0 '
; m iVii.,iuH,t hu >imih \MI M474;Huazulco,Morelos,

AMES5190, 5503, 563 ' Oaxaca, AMES52 I' LiutM. ten, Mini , as, AMIS 5503, 5505; Distr Federal,

AMES5499;Chapingo AMI • t\|« 1 it CHILE PLRU. ! n,,,, AMFs 7600. AF-

GHANISTAN. AME' INDIA ii,
480804 48080b PI Mi I I 1 MM Ml 1 111 M21 PI 480823, PI 480865, PI 480870,

PI480871.UttarPradesh,r'llM t ,()4S PI M, f ,11 PI 180M I PI 1M), I PI 1' 08 1" PI 480820, PI 480866,

PI 480872, PI 480874, PI 480875, PI 490756, AMES2()36.Tci.nil Nanriu Agriculture University, AMES
2230, PI 480802,

1

NEPAL - h thmandu, AMES
2071,2077 (type 1 and o > ]t

I itr M m ilm AMI l
' KM, la!opani,AMES 2064,2160,2167;Chhana,

AMES2173,Charyan \M( 0M M 1 I'nin, "'f |, t , ,
I il nkot AMES2159;Chaun,

Jahari,AMES2086Khil!i
, d \ ii M '15>

1 [ mi M IE 1 M4 M94 2253; Rodlkhola,

AMES2175;Delhlkot, AMI S7I M, IMnka, AMI S 7 h MaMud. h AMI '

'I I (type 1 and 2),2077;Vid

Mahuri,AMES2176 RmM, M i

1 Ml, ilh
i

M 'E i I, ,uii mAMES2067. INDONE-
SIA. Ames 2043. TANZANIA. AMES1979. NIGERIA. AMES 1975, 2055, 2256. GHANA. AMES2001

(Type 2), 2002. ORIGIN UNKNOWN.AMES5141 5151 'I ',515 5161 SUM 2081 2082,2088,

(Iype2),536l, 5381, S6S/, PI 490757.
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